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TITLE OF THE INVENTION 

LIGHT EMITTING DEVICE 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a light emitting device 
formed of a material having a piezoelectric effect. 

Description of the Background Art 

10 Semiconductor light emitting devices such as 

semiconductor laser devices and light emitting diodes using 
III group nitride semiconductors such as GaN # GalnN, AlGaN, 
and AlGalnN (hereinafter referred to as nitride based 
semiconductors) have been expected to be applied as light 

15 emitting devices for emitting light in a visible-ultraviolet 
region . 

Out of the applications, extensive development has been 
proceeding toward practical applications of the 
semiconductor light emitting devices having a GalnN quantum 

20 well layer as a light emitting layer. Such semiconductor 
light emitting devices have been fabricated on a (0001) 
surface of a substrate composed of sapphire or silicon 
carbide (SiC) by MOVPE (Metal Organic Vapor Phase Epitaxy) 
or MBE (Molecular Beam Epitaxy) . 

25 Fig. 42 is a schematic sectional view showing the 
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structure of a conventional GaN based semiconductor light 
emitting device- The semiconductor light emitting device 
shown in Fig. 42 is disclosed in JP-A-6-268257 . 

In Fig. 42, a buffer layer 6 2 composed of GaN, an n-type 
5 contact layer 63 composed of n-GaN, a light emitting layer 
64 having a multiple quantum well (MQW) structure, and a 
p-type cap layer 65 composed of p-GaN are formed in this order 
on a sapphire substrate 61. The light emitting layer 6 4 is 
constructed by alternately stacking a plurality of barrier 

10 layers 64a composed of GalnN and a plurality of quantum well 
layers 64b which differ in composition. 

In a method of fabricating such a conventional 
semiconductor light emitting device, generally used as the 
sapphire substrate 61 is one having an approximate (0001) 

15 surface as its principal plane, to successively form the 
respective layers from the buffer layer 62 to the p-type cap 
layer 65 on the sapphire substrate 61. In this case, the 
respective layers from the n-type contact layer 63 to the 
p-type cap layer 65 are grown as crystals in a [0001] 

20 direction of a nitride based semiconductor. 

In a crystal, having no center of symmetry, having a 
zinc-blende structure, a wurtzite structure, or the like, 
however, a piezoelectric effect may be generally generated 
by a strain. In the zinc-blende structure, for example, a 

25 piezoelectric effect is the greatest in a strain compressing 



3 



or extending with respect to a [111] axis. In the wurtzite 
structure, the piezoelectric effect is the greatest in a 
strain compressing or extending with respect to a [0001] 
axis . 

5 In the conventional semiconductor light emitting 

device, the light emitting layer 64 composed of GalnN has a 
quantum well structure having a (0001) plane as its principal 
plane. The lattice constant of a quantum well layer 6 4b 
composed of GalnN is larger than the lattice constant of the 

10 n-type contact layer 63 composed of n-GaN. Accordingly, a 
compressive strain is exerted on the quantum well layer 64b 
in an in-plane direction (a direction parallel to an 
interface) of a quantum well, and a tensile strain is exerted 
in a direction of confinement in the quantum well (a direction 

15 perpendicular to the interface). As a result, the 
piezoelectric effect generates a potential gradient in the 
quantum well layer 64b, so that a potential is low in the 
[0001] direction, while being high in a [0001] direction. An 
energy band in the light emitting layer 64 having a quantum 

20 well structure in this case is illustrated in Fig. 43. Fig. 
43 illustrates five barrier layers 64a and four quantum well 
layers 64b. 

As shown in Fig. 43, the potential gradient exists in 
the quantum well layer 64b in the light emitting layer 64. 
25 Accordingly, electrons and holes which are injected as 
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current are spatially separated from each other, as shown In 
Fig. 44. As a result, in the semiconductor light emitting 
device, luminous efficiency is reduced. Particularly in the 
semiconductor laser device, threshold current is raised. 
5 When impurities are added to the quantum well layer 6 4b 

in the light emitting layer 64, the effect of decreasing the 
potential gradient by the movement of carriers is produced. 
When both p-type impurities and n-type impurities are added 
to the quantum well layer 6 4b, however, the carriers are 

10 compensated for, so that the carrier concentration is 
lowered. Consequently. the effect of decreasing the 
potential gradient by the movement of the carriers is 
reduced. Particularly when the respective concentrations of 
the p-type impurities and the n-type impurities which are 

15 added to the quantum well layer 64b are approximately equal 
to each other, the effect of decreasing the potential 
gradient by the movement of the carriers is further lowered. 

Such a phenomenon also occurs in a III-V group compound 
semiconductor (for example, a GalnP based semiconductor, a 

20 GaAs based semiconductor, or an InP based semiconductor) 
other than the zinc-blende structure and the wurtzite 
structure, a II-VI group semiconductor, and an I-VII group 
semiconductor. Particularly in the nitride based 

semiconductor, the piezoelectric effect is great. 

25 Accordingly, the potential gradient generated by the 
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piezoelectric effect is increased, so that the drop in 
luminous efficiency and the rises in threshold current and 
operating current become significant. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a light 
emitting device which is high in luminous efficiency and is 
low in operating current or threshold current. 

A light emitting device according to an aspect of the 

10 present invention comprises a first n-type layer; a first 
p-type layer; a light emitting layer arranged so as to be 
interposed between the first n-type layer and the first 
p-type layer and having a strain generating a piezoelectric 
effect; and a second n-type layer provided between at least 

15 the light emitting layer and the first p-type layer and having 
a wider bandgap than that of the light emitting layer, the 
potential in the light emitting layer whose gradient is 
generated by the piezoelectric effect being higher on the 
side of the first n-type layer than that on the side of the 

20 first p-type layer. 

In the light emitting device, the second n-type layer 
is formed between the light emitting layer and the first 
p-type layer, so that electrons are moved in a direction 
perpendicular to an interface of the light emitting layer, 

25 the electrons and ionized donor levels are spatially 
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separated from each other, and the potential gradient 
generated by the piezoelectric effect in the direction 
perpendicular to the interface is decreased. Consequently, 
the electrons and holes which are injected as current are 
5 prevented from being separated from each other. Accordingly, 
gain is easily obtained, thereby preventing luminous 
efficiency from being reduced and preventing operating 
current or threshold current from being raised. 

The first p-type layer may comprise a first cladding 

10 layer, and the bandgap of the second n-type layer may be 
narrower than that of the first cladding layer. In this case, 
the refractive index of the second n-type layer is larger than 
that of the first cladding layer, so that the second n-type 
layer functions as an optical guide layer. 

15 A light emitting device according to another aspect of 

the present invention comprises a first n-type layer; a first 
p-type layer; a light emitting layer arranged so as to be 
interposed between the first n-type layer and the first 
p-type layer and having a strain generating a piezoelectric 

20 effect; and a second p-type layer provided between at least 
the light emitting layer and the first n-type layer and having 
a wider bandgap than that of the light emitting layer, the 
potential in the light emitting layer whose gradient is 
generated by the piezoelectric effect being higher on the 

25 side of the first n-type layer than that on the side of the 
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first p-type layer. 

In the light emitting device, the second p-type layer 
is formed between the light emitting layer and the first 
n-type layer, so that holes are moved in the direction 
5 perpendicular to the interface of the light emitting layer, 
the hole and ionized acceptor levels are spatially separated 
from each other, and the potential gradient generated by the 
piezoelectric effect in the direction perpendicular to the 
interface is decreased. Consequently, the electrons and the 

10 holes which are injected as current are prevented from being 
separated from each other. Accordingly, gain is easily 
obtained, thereby preventing luminous efficiency from being 
lowered and preventing operating current or threshold 
current from being raised. 

15 The first n-type layer may comprise a second cladding 

layer, and the bandgap of the second p-type layer may be 
narrower than that of the second cladding layer. In this 
case, the refractive index of the second p-type layer is 
larger than that of the second cladding layer, so that the 

20 second p-type layer functions as an optical guide layer. 

A material composing the light emitting layer may have 
a wurtzite structure. In a crystal having the wurtzite 
structure, the piezoelectric effect exists by the strain. 
Consequently, the second n-type layer is provided between the 

25 light emitting layer and the first p-type layer, or the second 



p-type layer is provided between the light emitting layer and 
the first n-type layer, so that the potential gradient in the 
light emitting layer generated by the piezoelectric effect 
is decreased. 

5 A principal plane of the light emitting layer may be 

approximately perpendicular to a <0001> direction. In the 
crystal having the wurtzite structure, the piezoelectric 
effect produced by the strain compressing or extending with 
respect to a <0001> axis is the greatest. Accordingly, the 

10 effect of decreasing the potential gradient by forming the 
second n-type layer or the second p-type layer is 
significantly produced. 

A material composing the light emitting layer may have 
a zinc-blende structure. In a crystal having the zinc-blende 

15 structure, the piezoelectric effect exists by the strain. 
Consequently, the second n-type layer is provided between the 
light emitting layer and the first p-type layer, or the second 
p-type layer is provided between the light emitting layer and 
the first n-type layer, so that the potential gradient in the 

20 light emitting layer generated by the piezoelectric effect 
is decreased. 

A principal plane of the light emitting layer may be 
approximately perpendicular to a <111> direction. In the 
crystal having the zinc-blende structure, the piezoelectric 
25 effect by the strain compressing or extending with respect 
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to a <111> axis is the greatest. Accordingly, the effect of 
decreasing the potential gradient by forming the second 
n-type layer or the second p-type layer is significantly 
produced. 

5 The strain generating a piezoelectric effect may 

include a strain for compressing the light emitting layer in 
an in-plane direction of the light emitting layer. In this 
case, the piezoelectric effect exists by the strain for 
compressing the light emitting layer in the in-plane 

10 direction of the light emitting layer. Consequently, the 
second n-type layer is formed between the light emitting 
layer and the first p-type layer or the second p-type layer 
is formed between the light emitting layer and the first 
n-type layer, so that the potential gradient generated by the 

15 piezoelectric effect is decreased. 

The strain generating a piezoelectric effect may 
include a strain for extending the light emitting layer in 
an in-plane direction of the light emitting layer. In this 
case, the piezoelectric effect exists by the strain for 

20 extending the light emitting layer in the in-plane direction 
of the light emitting layer. Consequently, the second n- 
type layer is formed between the light emitting layer and the 
first p-type layer or the second p-type layer is formed 
between the light emitting layer and the first n-type layer, 

25 so that the potential gradient generated by the piezoelectric 
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effect is decreased. 

A material composing the light emitting layer may be 
a III-V group compound semiconductor. The III-V group 
compound semiconductor may be a nitride based semiconductor 
5 including at least one of boron, gallium, aluminum, and 
indium. Particularly in the nitride based semiconductor, the 
piezoelectric effect is great, so that the potential gradient 
generated by the piezoelectric effect is increased. 
Consequently, the effect of decreasing the potential 

10 gradient by forming the second n-type layer between the light 
emitting layer and the first p-type layer or forming the 
second p-type layer between the light emitting layer and the 
first n-type layer is significantly produced. 

A material composing the light emitting layer may be 

15 a II-VI group compound semiconductor or a I-VII group 
compound semiconductor. Also in this case, the potential 
gradient generated by the piezoelectric effect can be 
decreased by forming the second n-type layer between the 
light emitting layer and the first p-type layer or forming 

20 the second p-type layer between the light emitting layer and 
the first n-type layer. 

In the light emitting device, the light emitting layer 
may have a quantum well structure comprising one or more well 
layers having a strain generating a piezoelectric effect and 

25 two or more barrier layers arranged so as to interpose the 



well layer therebetween, and the potential in the well layer 
whose gradient is generated by the piezoelectric effect may 
be higher on the side of the first n-type layer than that on 
the side of the first p-type layer. In this case, the 
5 potential gradient generated by the piezoelectric effect in 
the direction of confinement in the quantum well structure 
is decreased by forming the second n-type layer between the 
light emitting layer and the first p-type layer or forming 
the second p-type layer between the light emitting layer and 

10 the first n-type layer. 

Acceptor levels and/or donor levels may be nonuniformly 
formed in the light emitting layer having the quantum well 
structure in order to decrease the potential gradient 
generated by the piezoelectric effect in the direction of 

15 confinement in the quantum well structure. 

In this case, acceptor levels and/or donor levels are 
nonuniformly formed in the light emitting layer having the 
quantum well structure, so that the potential gradient 
generated by the piezoelectric effect in the direction of 

20 confinement in the quantum well structure is further 
decreased. Consequently, the electrons and the holes which 
are injected as current are further prevented from being 
separated from each other. Accordingly, gain is easily 
obtained, thereby preventing luminous efficiency from being 

25 reduced and preventing operating current or threshold 



current from being further raised. 

The light emitting layer may have a MQW structure 
comprising two or more well layers and three or more barrier 
layers with the well layer interposed therebetween. Further, 
5 the light emitting layer may have a single quantum well (SQW) 
structure comprising one well layer and two barrier layers 
with the well layer interposed therebetween. 

In the well layer, more acceptor levels may be formed 
in its portion on the side of a higher potential generated 
10 by the piezoelectric effect than those in its portion on the 
side of a lower potential. 

In this case, the holes are moved in the direction of 
confinement in the quantum well structure, and the holes and 
the ionized acceptor levels are spatially separated from each 
15 other. Consequently, the potential gradient in the well 
layer generated by the piezoelectric effect is decreased. 

In the well layer, more donor levels may be formed in 
its portion on the side of a lower potential generated as a 
result of the piezoelectric effect than those in its portion 
20 on the side of a higher potential. 

In this case, the electrons are moved in the direction 
of confinement in the quantum well structure, and the 
electron and the ionized donor levels are spatially separated 
from each other. Consequently, the potential gradient in the 
25 well layer generated by the piezoelectric effect is further 



13 



decreased. 

In the barrier layer, more acceptor levels may be formed 
in its portion in contact with an interface of the well layer 
on the side of a higher potential generated as a result of 
5 the piezoelectric effect than those in its portion in contact 
with an interface of the well layer on the side of a lower 
potential . 

In this case, the holes are moved in the direction of 
confinement in the quantum well structure, so that the holes 
10 and the ionized acceptor levels are spatially separated from 
each other. Consequently, the potential gradient in the well 
layer generated by the piezoelectric effect is further 
decreased. 

In the barrier layer, more donor levels may be formed 
15 in its portion in contact with an interface of the well layer 
on the side of a lower potential generated as a result of the 
piezoelectric effect than those in its portion in contact 
with an interface of the well layer on the side of a higher 
potential . 

20 In this case, the electrons are moved in the direction 

of confinement in the quantum well structure, so that the 
electrons and the ionized donor levels are spatially 
separated from each other. Consequently, the potential 
gradient in the well layer generated by the piezoelectric 

25 effect is further decreased. 
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Both the acceptor levels and the donor levels may be 
formed in the light emitting layer having the quantum well 
structure. In this case, the electrons and the holes are 
compensated for, so that few carriers are generated by 
5 forming the acceptor levels and the donor levels. However, 
the potential gradient generated by the piezoelectric effect 
is decreased by the ionized acceptor levels and the ionized 
donor levels . 

The concentration of the acceptor levels and the 
10 concentration of the donor levels may be approximately equal 
to each other. In this case, the carriers are easily 
compensated for. However, the effect of decreasing the 
potential gradient is high. 

The foregoing and other objects, features, aspects and 
15 advantages of the present invention will become more apparent 
from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings . 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view showing the 
structure of each of semiconductor laser devices in first to 
eighth examples of the present invention; 

Fig. 2 is a diagram showing an energy band in a light 
25 emitting layer in the semiconductor laser device in the first 



example; 

Fig. 3 is a diagram showing an energy band in the light 
emitting layer in the semiconductor laser device in the first 
example ; 

5 Fig. 4 is a diagram showing an energy band in an MQW 

light emitting layer in each of the semiconductor laser 
devices in the second to eighth examples; 

Fig. 5 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
10 second example; 

Fig. 6 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
second example; 

Fig. 7 is a diagram showing an energy band in the MQW 
15 light emitting layer in the semiconductor laser device in the 
third example; 

Fig. 8 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
third example; 

20 Fig. 9 is a diagram showing an energy band in the MQW 

light emitting layer in the semiconductor laser device in the 
fourth example; 

Fig. 10 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 

25 fourth example; 
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Fig. 11 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
fifth example; 

Fig. 12 is a diagram showing an energy band in the MQW 
5 light emitting layer in the semiconductor laser device in the 
fifth example; 

Fig. 13 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
s ix th example ; 

10 Fig. 14 is a diagram showing an energy band in the MQW 

light emitting layer in the semiconductor laser device in the 
sixth example; 

Fig. 15 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
15 seventh example; 

Fig. 16 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
seventh example; 

Fig. 17 is a diagram showing an energy band in the MQW 
20 light emitting layer in the semiconductor laser device in the 
eighth example; 

Fig. 18 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
eighth example; 

25 Fig. 19 is a schematic sectional view showing the steps 
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of a method of fabricating the semiconductor laser device 
shown in Fig. 1; 

Fig. 20 is a schematic sectional view showing the steps 
of the method of fabricating the semiconductor laser device 
5 shown in Fig. 1; 

Fig. 21 is a schematic sectional view showing the steps 
of the method of fabricating the semiconductor laser device 
shown in Fig. 1; 

Fig. 22 is a schematic sectional view showing the steps 
10 of the method of fabricating the semiconductor laser device 
shown in Fig. 1; 

Fig. 23 is a schematic sectional view showing the steps 
of the method of fabricating the semiconductor laser device 
shown in Fig. 1; 
15 Fig. 24 is a schematic perspective view showing the 

structure of a semiconductor laser device in a tenth example; 

Fig. 25 is a diagram showing an energy band in a light 
emitting layer in the semiconductor laser device in the tenth 
example; 

20 Fig. 26 is a diagram showing an energy band in the light 

emitting layer in the semiconductor laser device in the tenth 
example; 

Fig. 27 is schematic perspective view showing the 
structure of a semiconductor laser device in an eleventh 
25 example; 
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Fig. 28 is a diagram showing an energy band in a light 
emitting layer in the semiconductor laser device in the 
eleventh example; 

Fig. 29 is a diagram showing an energy band in the light 
5 emitting layer in the semiconductor laser device in the 
eleventh example; 

Fig. 30 is a schematic sectional view showing the 
structure of an AlGalnP based semiconductor laser device 
having a buried ridge structure in a twelfth example of the 
10 present invention; 

Fig. 31 is a diagram showing an energy band in an MQW 
light emitting layer in the semiconductor laser device in the 
twelfth example; 

Fig. 32 is a diagram showing an energy band in the MQW 
15 light emitting layer in the semiconductor laser device in the 
twelfth example; 

Fig. 33 is a schematic sectional view showing the 
structure of a ZnSe based semiconductor laser device in a 
thirteenth example of the present invention; 
20 Fig. 34 is a diagram showing an energy band in an MQW 

light emitting layer in the semiconductor laser device in the 
thirteenth example; 

Fig. 35 is a diagram showing an energy band in the MQW 
light emitting layer in the semiconductor laser device in the 
25 thirteenth example; 
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Fig. 36 is a schematic sectional view showing a method 
of fabricating a semiconductor laser device in a fourteenth 
example; 

Fig. 37 is an enlarged sectional view of an MQW light 
5 emitting layer in the semiconductor laser device in the 
fourteenth example; 

Fig. 38 is an enlarged sectional view and a schematic 
plan view of an MQW light emitting layer having a quantum wire 
structure in the semiconductor laser device in the fourteenth 
10 example ; 

Fig. 39 is an enlarged sectional view of the MQW light 
emitting layer having the quantum wire structure in the 
semiconductor laser device in the fourteenth example ; 

Fig. 40 is a schematic sectional view showing a method 
15 of fabricating the semiconductor laser device in the 
fourteenth example; 

Fig. 41 is a diagram for explaining a principal-plane 
direction of a quantum well layer where a potential gradient 
is generated by a strain; 
20 Fig. 42 is a schematic sectional view showing the 

structure of a conventional GaN based semiconductor light 
emitting device; 

Fig. 43 is a diagram showing an energy band in an MQW 
light emitting layer in the conventional semiconductor light 
25 emitting device; and 
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Fig. 44 is a diagram showing an energy band in the MQW 
light emitting layer in the conventional semiconductor laser 
device . 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(A) First Embodiment 

A light emitting device according to a first embodiment 
has a light emitting layer having a wurtzite structure having 
a (0001) plane as its principal plane. The light emitting 

10 layer has a strain in a direction perpendicular to its plane 
(a direction perpendicular to its interface). A potential 
gradient is generated by a piezoelectric effect in the light 
emitting layer. 

The light emitting layer having the strain may have a 

15 single layer structure. Alternatively, it may have an SQW 
structure with one quantum well layer interposed between two 
barrier layers , or may have an MQW structure obtained by 
alternately stacking two or more well layers and three or more 
barrier layers. In the light emitting layer having the 

20 quantum well structure such as the SQW structure or the MQW 
structure, the well layer has a strain, and a potential 
gradient is generated in the well layer by the piezoelectric 
effect . 

The light emitting layer is arranged so as to be 
25 interposed between a p-type layer and an n-type layer. A 



p-electrode is formed in the p-type layer, and holes are 
injected into the p-type layer from the p-electrode. An 
n-electrode is formed in the n-type layer, and electrons are 
injected into the n-type layer from the n-electrode. 
5 In a III-V group compound semiconductor, when a light 

emitting layer has a compressive strain in its in-plane 
direction (a direction parallel to its interface) and has a 
strain extending in a direction perpendicular to the 
interface of the light emitting layer, a potential is high 

10 on the side of a [0001] direction, while being low on the side 
of a [0001] direction in a potential gradient in the light 
emitting layer generated by a piezoelectric effect. In a 
light emitting device having such strains in its light 
emitting layer, and having a p-type layer on the side of the 

15 [0001] direction and an n-type layer on the side of the [000 
1] direction, a potential in the light emitting layer is 
higher on the side of the n-type layer than that on the side 
of the p-type layer. When the light emitting layer has the 
quantum well structure, the potential in the quantum well 

20 layer is higher on the side of the n-type layer than that on 
the side of the p-type layer. In order to decrease the 
potential gradient generated by the piezoelectric effect, an 
n-type layer of the opposite conduction type having a wider 
bandgap than that of the light emitting layer is formed 

25 between the p-type layer and the light emitting layer. 
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Alternatively, a p-type layer of the opposite conduction type 
having a wider bandgap than that of the light emitting layer 
is formed between the n-type layer and the light emitting 
layer. In both a case where the light emitting layer has the 
5 single layer structure and a case where it has the quantum 
well structure, the same effect is also obtained by such a 
method. 

Furthermore, when the light emitting layer has the 
quantum well structure, acceptor levels or donor levels are 

10 nonunif ormly formed in the quantum well layer, thereby making 
it possible to further decrease the potential gradient in the 
light emitting layer generated by the piezoelectric effect. 
In this case, a lot of acceptor levels are formed in a portion, 
on the side of the [0001] direction, of the quantum well 

15 layer, or are formed in a portion, in contact with an 
interface of the quantum well layer on the side of the [000 
1] direction, of the barrier layer. Alternatively, a lot of 
donor levels are formed in a portion, on the side of the [0001] 
direction, of the quantum well layer, or are formed in a 

20 portion, in contact with an interface of the quantum well 
layer on the side of the [0001] direction, of the barrier 
layer . 

Conversely, in the III-V group compound semiconductor, 
when the light emitting layer has a strain extending in its 
25 in-plane direction (a direction parallel to its interface) 
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and has a compressive strain in a direction perpendicular to 
the interface of the light emitting layer, a potential is high 
on the side of the [0001] direction, while being low on the 
side of the [0001] direction in the potential gradient in the 

5 light emitting layer generated by the piezoelectric effect. 
In a light emitting device having such strains in its light 
emitting layer, and having an n-type layer on the side of the 
[0001] direction and a p-type layer on the side of the [000 
1] direction, the potential in the light emitting layer is 

10 higher on the side of the n-type layer than that on the side 
of the p-type layer. When the light emitting layer has the 
quantum well structure, the potential in the quantum well 
layer is higher on the side of the n-type layer than that on 
the side of the p-type layer. In order to decrease the 

15 potential gradient generated by the piezoelectric effect, an 
n-type layer of the opposite conduction type having a wider 
bandgap than that of the light emitting layer is formed 
between the p-type layer and the light emitting layer. 
Alternatively, a p-type layer of the opposite conduction type 

20 having a wider bandgap than that of the light emitting layer 
is formed between the n-type layer and the light emitting 
layer. In both a case where the light emitting layer has the 
single layer structure and a case where it has the quantum 
well structure, the same effect is also obtained by such a 

25 method. 



Furthermore, when the light emitting layer has the 
quantum well structure, acceptor levels or donor levels are 
nonunif ormly formed in the quantum well layer, thereby making 
it possible to further decrease the potential gradient in the 
5 light emitting layer generated by the piezoelectric effect. 
In this case, a lot of acceptor levels are formed in a portion, 
on the side of the [0001] direction, of the quantum well 
layer, or are formed in a portion, in contact with an 
interface of the quantum well layer on the side of the [0001] 

10 direction, of the barrier layer. Alternatively, a lot of 
donor levels are formed in a portion, on the side of the [000 
1] direction, of the quantum well layer, or are formed in a 
portion, in contact with an interface of the quantum well 
layer on the side of the [0001] direction, of the barrier 

15 layer . 

Fig. 1 is a schematic perspective view showing the 
structure of each of semiconductor laser devices in first to 
eighth examples of the present invention. 

In Fig. 1, a buffer layer 2 composed of AlGaN having 

20 a thickness of approximately 15 nm is formed on a (0001) 
surface of a sapphire substrate 1. An undoped GaN layer 3 
having a thickness of approximately 0.5 Mm, an n-type contact 
layer 4 composed of n-GaN having a thickness of approximately 
4 mm, an n-type crack-preventing layer 5 composed of n-GalnN 

25 having a thickness of approximately 0.1 Mm, an n-type 
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cladding layer 6 composed of n-AlGaN having a thickness of 
approximately 0.45 Um, an n-type cladding layer 7 composed 
of n-GaN having a thickness of approximately 50 nra, and a 
light emitting layer 8 composed of GalnN having a thickness 
5 of approximately 50 nm are formed in this order on the buffer 
layer 2. In this case, the n-type cladding layer 7 also 
functions as an optical guide layer. 

The light emitting layer 8 in the semiconductor laser 
device in the first example has a single layer structure, as 

10 described later. On the other hand, the light emitting layer 
in each of the semiconductor laser devices in the second to 
eighth examples has an MQW layer. 

An n-type layer of the opposite conduction type 9 
composed of n-GaN having a thickness of approximately 40 nm, 

15 a p-type cladding layer 10 composed of p-AlGaN having a 
thickness of approximately 0.45 lim, and a p-type cap layer 
11 composed of p-GaN having a thickness of approximately 50 
nm are formed in this order on the light emitting layer 8. 
A current -blocking layer 14 composed of silicon nitride 

20 having a thickness of approximately 0.2 Mm is formed on the 
p-type cap layer 11. The current -blocking layer 14 has a 
striped opening having a width of approximately 2 Urn. The 
striped opening becomes a current path 13. 

A p-type contact layer 12 composed of p-GaN having a 

25 thickness of 3 to 5 Mm is formed in the striped opening of 
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the current-blocking layer 14 and on the p-type cap layer 11 
and the current-blocking layer 14. Each of layers from the 
undoped GaN layer 3 to the p-type contact layer 12 has a 
wurtzite structure, and is grown in a [0001] direction of the 
5 nitride based semiconductor. 

A partial region from the p-type contact layer 12 to 
the n-type contact layer 4 is removed, so that a surface of 
the n-type contact layer 4 is exposed. Consequently, a mesa 
shape having a width of approximately 10 Mm is formed. A 
10 p-electrode 15 is formed on the p-type contact layer 12, and 
an n-electrode 16 is formed on the exposed surface of the 
n-type contact layer 4. 

The above-mentioned semiconductor laser device has the 
light emitting layer 8 composed of InGaN and having a (0001) 
15 plane as its principal plane, and has the p-type cladding 
layer 10 in a [0001] direction of the light emitting layer 
8 and the n-type cladding layer 7 in a [0001] direction of 
the light emitting layer 8. In this case, a compressive 
strain occurs in an in-plane direction (a direction parallel 
20 to an interface) of the light emitting layer 8, and a strain 
extending in a direction perpendicular to the interface of 
the light emitting layer 8 occurs. As a result, a potential 
gradient generated by a piezoelectric effect is formed in the 
light emitting layer 8. In the potential gradient, a 
25 potential is high in a portion, on the side of the [0001] 
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direction, where the n-type cladding layer 7 is formed, while 
being low in a portion, on the side of the [0001] direction, 
where the p-type cladding layer 10 is formed. 

In the following first to eighth examples, an n-type 
5 layer of the opposite conduction type 9 composed of n-GaN 
having a wider bandgap than that of the light emitting layer 
8 is formed between the p-type cladding layer 10 and the light 
emitting layer 8 in order to decrease the potential gradient 
generated in the light emitting layer 8. The thickness of 

10 the n-type layer of the opposite conduction type 9 is 
preferably 1 to 100 nm, for example, approximately 40 nm in 
this case. The concentration of donor levels in the n-type 
layer of the opposite conduction type 9 is preferably 1 X 
10 17 to 3 X lo 18 cm" 3 . Further, the n-type layer of the opposite 

15 conduction type 9 also functions as an optical guide layer 
because the refractive index thereof is higher than that of 
the p-type cladding layer 10, as described later. 
(1) First Example 

Figs. 2 and 3 are diagrams each showing respective 
20 energy bands in the n-type cladding layer 7, the light 
emitting layer 8, the n-type layer of the opposite conduction 
type 9, and the p-type cladding layer 10 in the semiconductor 
laser device in the first example. In the semiconductor laser 
device in the example 1, the light emitting layer 8 has a 
25 single layer structure. 
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The lattice constant of the light emitting layer 8 
composed of InGaN is larger than the lattice constant of the 
undoped GaN layer 3 having a thickness of approximately 0.5 
lim and the n-type contact layer 4 composed of n-GaN having 
a thickness of approximately 4 Mm. Accordingly, a 
compressive strain is produced in an in-plane direction (a 
direction parallel to an interface) of the light emitting 
layer 8, and a strain extending in a direction perpendicular 
to the interface of the light emitting layer 8 is produced. 

As shown in Fig. 2, a potential gradient caused by a 
piezoelectric effect is formed in the light emitting layer 
8. Accordingly, an energy band in the light emitting layer 
8 has a gradient. The energy band in the light emitting layer 
8 is higher on the side of a [0001] direction, that is, on 
the side of the p-type cladding layer 10 than that on the side 
of a [0001] direction, that is, on the side of the n-type 
cladding layer 7. 

An n-type layer of the opposite conduction type 9 
composed of n-GaN having donor levels formed therein and 
having a wider energy bandgap than that of the light emitting 
layer 8 is formed on the side of the [0001] direction, that 
is, on the higher-energy side of the energy band of the light 
emitting layer 8. The bandgap of the n-type layer of the 
opposite conductin type 9 is narrower than that of the p- 
type cladding layer 10 composed of p-AlGaN. Accordingly, the 
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refractive index of the n-type layer of the opposite 
conduction type 9 is higher than that of the p-type cladding 
layer 10. Consequently, the n-type layer of the opposite 
conduction type 9 also functions as an optical guide layer. 

5 In this example, the n-type layer of the opposite 

conduction type 9 having a wider bandgap than that of the 
light emitting layer 8 is formed on the side of the [0001] 
direction, that is, on the higher-energy side of the energy 
band of the light emitting layer 8, as shown in Fig. 2. 

10 Accordingly, electrons are moved in the [0001] direction, as 
shown in Fig. 3, so that the electrons and the ionized donor 
levels are spatially separated from each other. 
Consequently, the potential gradient in the light emitting 
layer 8 generated by the piezoelectric effect is decreased, 

15 and the energy band gradient is also decreased. As a result, 
the electrons and holes which are injected as current are 
prevented from being separated from each other, thereby 
preventing luminous efficiency from being reduced and 
preventing threshold current from being raised. 

20 Although in the above-mentioned example 1, description 

was made of a case where the light emitting layer 8 has the 
single layer structure, a case where the light emitting layer 
8 has an MQW structure will be described in the following 
examples 2 to 8 . 

25 Fig. 4 is a diagram showing an energy band in the light 
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emitting layer 8 having the MQW structure (hereinafter 
referred to as MQW light emitting layer 8). 

As shown in Fig. 4, the MQW light emitting layer 8 has 
the MQW structure constructed by alternately stacking 
5 barrier layers 8a composed of GaN having a thickness of 
approximately 4 nm and quantum well layers 8b composed of 
GalnN having a thickness of approximately 4 nm. For example, 
the number of barrier layers 8a composed of GaN is five, and 
the number of quantum well layers 8b composed of GalnN is 
10 four. 

The lattice constant of the quantum well layer 8b 
composed of GalnN is larger than the lattice constants of the 
undoped GaN layer 3 having a thickness of approximately 0 . 5 
Hm and the n-type contact layer 4 composed of n-GaN having 

15 a thickness of approximately 4 Mm. Accordingly, a 
compressive strain is produced in an in-plane direction (a 
direction parallel to an interface) of a quantum well, and 
a strain extending in the direction of confinement in the 
quantum well (a direction perpendicular to the interface) is 

20 produced. As a result, a piezoelectric effect generates a 
potential gradient in the quantum well layer 8b in the MQW 
light emitting layer 8. Therefore, the energy band in the 
MQW light emitting layer 8 has the structure shown in Fig. 
4 . 

25 As shown in Fig . 4 , the energy band in the MQW light 
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emitting layer 8 is higher on the side of the [0001] 
direction, that is, on the side of the p-type cladding layer 
10 than that on the side of the [0001] direction, that is, 
on the side of the n-type cladding layer 7. 
5 In the following second to eighth examples, in order 

to decrease the potential gradient generated in the quantum 
well layer 8b, the n-type layer of the opposite conduction 
type 9 composed of n-GaN is formed between the MQW light 
emitting layer 8 and the p-type cladding layer 10, and p- 
10 type impurities and/ or n-type impurities are nonunif ormly 
added to the MQW light emitting layer 8. 
(2) Second Example 

Figs. 5 and 6 are diagrams each showing an energy band 
in the MQW light emitting layer 8 in the semiconductor laser 

15 device in the second example . 

As shown in Fig. 5, an n-type layer of the opposite 
conduction type 9 composed of GaN having a wider bandgap than 
that of the MQW light emitting layer 8 and having donor levels 
formed therein is formed on the side of a [0001] direction, 

20 that is, on the higher-energy side of the energy band of the 
MQW light emitting layer 8. The bandgap of the n-type layer 
of the opposite conductin type 9 is narrower than the bandgap 
of the p-type cladding layer 10 composed of p-AlGaN, so that 
the refractive index of the n-type layer of the opposite 

25 conduction type 9 is higher than the refractive index of the 
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p-type cladding layer 10. Consequently, the n-type layer of 
the opposite conduction type 9 also functions as an optical 
guide layer. 

The layer of the opposite conduction type having a wider 
5 bandgap than that of the MQW light emitting layer is composed 
of a semiconductor having energy at a bottom of its conduction 
band which is higher than energy in a ground state of 
electrons in the MQW light emitting layer and having energy 
at an top of its valence band which is lower than energy in 

10 a ground state of holes in the MQW light emitting layer. 

Furthermore, a lot of Mg, for example, is doped as p-type 
impurities into a portion, on the side of a [0001] direction, 
that is, on the side of the n-type cladding layer 7, of the 
quantum well layer 8. Specifically, Mg is doped into only 

15 a portion having a thickness of approximately 2 nm, on the 
side of the n-type cladding layer 7, of the quantum well layer 
8b, and Mg is not doped into a portion having a thickness of 
approximately 2 nm, on the side of the p-type cladding layer 
9 , of the quantum well layer 8 . 

20 1 X lo 17 to 1 X io 21 cm" 3 is preferable as the doping 

amount of Mg. As a method of nonuniformly doping the p-type 
impurities, the other methods may be used. For example, the 
p-type impurities may be delta-doped at a concentration of 
2 X io 10 to 2 X io 14 cm" 2 in a portion having a depth of 

25 approximately 1 nm from an interface of the quantum well layer 
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8b on the side of the n-type cladding layer 7. As the p- 
type impurities. Be, Ca, Sr, Ba, Zn, Cd, Hg, etc. may be used 
in addition to Mg. 

In this example, the n-type layer of the opposite 
5 conduction type 9 having a wider bandgap than that of the MQW 
light emitting layer 8 is formed on the side of the [0001] 
direction, that is, on the higher-energy side of the energy 
band of the quantum well layer 8b, as shown in Fig. 5. 
Accordingly, electrons are moved in a [0001] direction, as 

10 shown in Fig. 6, so that the electrons and the ionized donor 
levels are spatially separated from each other. 
Consequently, a potential gradient in the quantum well layer 
8b generated by the piezoelectric effect is decreased, and 
the energy band gradient is also decreased. 

15 Furthermore, in this example, a lot of Mg, for example, 

is doped as p-type impurities into a portion, on the side of 
the [0001] direction, that is, on the side of the n-type 
cladding layer 7, of the quantum well layer 8b, as shown in 
Fig. 5. Accordingly, the holes are moved in the [0001] 

20 direction, as shown in Fig. 6, so that the holes and the 
ionized p-type impurities are spatially separated from each 
other. Consequently, the potential gradient in the quantum 
well layer 8b generated by the piezoelectric effect is 
further decreased, and the energy band gradient is also 

25 further decreased. As a result, the electrons and the holes 
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which are injected as current are further prevented from 
being separated from each other, thereby further preventing 
luminous efficiency from being reduced and preventing 
threshold current from being raised. 
5 (3) Third Example 

Figs . 7 and 8 are diagrams each showing an energy band 
in the MQW light emitting layer 8 in the semiconductor laser 
device in the third example. 

As shown in Fig. 7, an n-type layer of the opposite 

10 conduction type 9 composed of GaN having a wider bandgap than 
that of the MQW light emitting layer 8 and having donor levels 
formed therein is formed on the side of a [0001] direction, 
that is, on the higher-energy side of the energy band of the 
MQW light emitting layer 8. The bandgap of the n-type layer 

15 of the opposite conductin type 9 is narrower than the bandgap 
of the p-type cladding layer 10 composed of p-AlGaN , so that 
the refractive index of the n-type layer of the opposite 
conduction type 9 is higher than the refractive index of the 
p-type cladding layer 10. Consequently, the n-type layer of 

20 the opposite conduction type 9 also functions as an optical 
guide layer. 

The layer of the opposite conduction type having a wider 
bandgap than that of the MQW light emitting layer is composed 
of a semiconductor having energy at a bottom of its conduction 
25 band which is higher than energy in a ground state of 



electrons in the MQW light emitting layer and having energy 
at an top of its valence band which is lower than energy in 
a ground state of holes in the MQW light emitting layer. 

Furthermore, a lot of Si, for example, is doped as n-type 
5 impurities into a portion, on the side of the [0001] 
direction, that is, on the side of the p-type cladding layer 
10, of the quantum well layer 8b. Specifically, Si is doped 
into only a portion having a thickness of approximately 2 nm, 
on the side of the p-type cladding layer 10, of the quantum 

10 well layer 8b, and Si is not doped into a portion having a 
thickness of approximately 2 nm, on the side of the n-type 
cladding layer 7, of the quantum well layer 8b. 

1 X io 17 to 1 X io 21 cm" 3 is preferable as the doping 
amount of Si. As a method of nonuniformly doping the n-type 

15 impurities, the other methods may be used. For example, the 
n-type impurities may be delta-doped at a concentration of 
2 X io 10 to 2 X io 14 cm' 2 in a portion having a depth of 
approximately 1 nm from an interface of the quantum well layer 
8b on the side of the p-type cladding layer 10. As the n-type 

20 impurities, Ge, Pb, S, Se, Te, etc. may be used in addition 
to Si. 

In this example, the n-type layer of the opposite 
conduction type 9 having a wider bandgap than that of the MQW 
light emitting layer 8 is formed on the side of the [0001] 
25 direction, that is, on the higher-energy side of the energy 
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band of the quantum well layer 8b, as shown in Fig. 7. 
Accordingly, electrons are moved in a [0001] direction, as 
shown in Fig. 8, so that the electrons and the ionized donor 
levels are spatially separated from each other. 
5 Consequently, a potential gradient in the quantum well layer 
8b generated by the piezoelectric effect is decreased, and 
the energy band gradient is also decreased. 

Furthermore, in this example, a lot of Si, for example, 
is doped as n-type impurities into a portion, on the side of 

10 the [0001] direction, that is, on the side of the p-type 
cladding layer 10, of the quantum well layer 8b, as shown in 
Fig. 7. Accordingly, the electrons are moved in the [000 
1] direction, as shown in Fig. 8, so that the electrons and 
the ionized n-type impurities are spatially separated from 

15 each other. Consequently, the potential gradient in the 
quantum well layer 8b generated by the piezoelectric effect 
is further decreased. As a result, the electrons and the 
holes which are injected as current are further prevented 
from being separated from each other, thereby further 

20 preventing luminous efficiency from being lowered and 
preventing threshold current from being raised. 
( 4 ) Fourth Example 

Figs. 9 and 10 are diagrams each showing an energy band 
in the MQW light emitting layer 8 in the semiconductor laser 
25 device in the fourth example. 



As shown in Fig. 9, an n-type layer of the opposite 
conduction type 9 composed of GaN having a wider bandgap than 
that of the MQW light emitting layer 8 and having donor levels 
formed therein is formed on the side of a [0001] direction, 
5 that is, on the higher-energy side of the energy band of the 
MQW light emitting layer 8. The bandgap of the n-type layer 
of the opposite conductin type 9 is narrower than the bandgap 
of the p-type cladding layer 10 composed of p-AlGaN, so that 
the refractive index of the n-type layer of the opposite 
10 conduction type 9 is higher than the refractive index of the 
p-type cladding layer 10. Consequently, the n-type layer of 
the opposite conduction type 9 also functions as an optical 
guide layer. 

The layer of the opposite conduction type having a wider 
15 bandgap than that of the MQW light emitting layer is composed 
of a semiconductor having energy at a bottom of its conduction 
band which is higher than energy in a ground state of 
electrons in the MQW emitting layer and having energy at an 
top of its valence band which is lower than energy in a ground 
20 state of holes in the MQW light emitting layer. 

Furthermore, a lot of Mg, for example, is doped as p-type 
impurities into a portion, in contact with an interface of 
a quantum well layer 8b on the side of a [0001] direction, 
that is, on the side of the n-type cladding layer 7 , of a 
25 barrier layer 8a. Specifically, Mg is doped into only a 
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portion having a thickness of approximately 2 nra, in contact 
with the interface of the quantum well layer 8b on the side 
of the n-type cladding layer 7, of the harrier layer 8a, and 
Mg is not doped into a portion having a thickness of 
5 approximately 2 nm, in contact with an interface of the 
quantum well layer 8b on the side of the p-type cladding layer 
10, of the barrier layer 8a. 

1 X io 17 to 1 X io 2L cm" 3 is preferable as the doping 
amount of Mg. As a method of nonuniformly doping p-type 

10 impurities, the other methods may be used. For example, the 
p-type impurities may be delta-doped at a concentration of 
2 X io 10 to 2 X io 14 cm" 2 into a portion, having a depth of 
approximately 1 nm from the interface of the quantum well 
layer 8b on the side of the n-type cladding layer 7, of the 

15 barrier layer 8a. As the p-type impurities, Be, Ca, Sr, Ba, 
Zn, Cd, Hg, etc. may be used in addition to Mg. 

In this example, the n-type layer of the opposite 
conduction type 9 having a wider bandgap than that of the MQW 
light emitting layer 8 is formed on the side of the [0001] 

20 direction, that is, on the higher-energy side of the energy 
band of the quantum well layer 8b, as shown in Fig. 9. 
Accordingly, the electrons are moved in the [0001] direction, 
as shown in Fig. 10, so that the electrons and the ionized 
donor levels are spatially separated from each other. 

25 Consequently, a potential gradient in the quantum well layer 



39 

8b generated by the piezoelectric effect is decreased, and 
the energy band gradient is also decreased. 

Furthermore, in this example, a lot of Mg, for example, 
is doped as p-type impurities in the portion, in contact with 
5 the interface of the quantum well layer 8b on the side of the 

[0001] direction, that is, on the side of the n-type cladding 
layer 7, of the barrier layer 8a, as shown in Fig. 9. 
Accordingly, the holes are moved in the [0001] direction, as 
shown in Fig. 10, so that the holes and ionized p-type 

10 impurities are spatially separated from each other. 
Consequently, the potential gradient in the quantum well 
layer 8b generated by the piezoelectric effect is further 
decreased. As a result, the electrons and the holes which 
are injected as current are further prevented from being 

15 separated from each other, thereby further preventing 
luminous efficiency from being reduced and preventing 
threshold current from being raised. 
(5) Fifth Example 

Figs. 11 and 12 are diagrams each showing an energy band 
20 in the MQW light emitting layer 8 in the semiconductor laser 
device in the fifth example. 

As shown in Fig. 11, an n-type layer of the opposite 
conduction type 9 composed of GaN having a wider bandgap than 
that of the MQW light emitting layer 8 and having donor levels 
25 formed therein is formed on the side of a [0001] direction. 
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that is, on the higher- energy side of the energy band of the 
MQW light emitting layer 8. The bandgap of the n-type layer 
of the opposite conductin type 9 is narrower than the bandgap 
of the p-type cladding layer 10 composed of p-AlGaN, so that 
5 the refractive index of the n-type layer of the opposite 
conduction type 9 is higher than the refractive index of the 
p-type cladding layer 10. Consequently, the n-type layer of 
the opposite conduction type 9 also functions as an optical 
guide layer. 

10 The layer of the opposite conduction type having a wider 

bandgap than that of the MQW light emitting layer is composed 
of a semiconductor having energy at a bottom of its conduction 
band which is higher than energy in a ground state of electros 
in the MQW light emitting layer and having energy at an top 

15 of its valence band which is lower than energy in a ground 
state of holes in the MQW light emitting layer. 

Furthermore, a lot of Si, for example, is doped as n-type 
impurities into a portion, in contact with an interface of 
a quantum well layer 8b on the side of the [0001] direction, 

20 that is, on the side of the p-type cladding layer 10, of a 
barrier layer 8a. Specifically, Si is doped into only a 
portion having a thickness of approximately 2 nm, in contact 
with the interface of the quantum well layer 8b on the side 
of the p-type cladding layer 10, of the barrier layer 8a, and 

25 Si is not doped into a portion having a thickness of 



approximately 2 nm, in contact with an interface of the 
quantum well layer 8b on the side of the n-type cladding layer 
7, of the barrier layer 8a. 

1 X io 17 to 1 X io 21 cm" 3 is preferable as the doping 
5 amount of Si. As a method of nonuniformly doping the n-type 
impurities, the other methods may be used. For example, the 
n-type impurities may be delta-doped at a concentration of 
2 X io 10 to 2 X io 14 cm" 2 into a portion, having a depth of 
approximately 1 nm from the interface of the quantum well 

10 layer 8b on the side of the p-type cladding layer 7, of the 
barrier layer 8a. As the n-type impurities, Ge, Pb, S, Se , 
Te, etc. may be used in addition to Si. 

In this example, the n-type layer of the opposite 
conduction type 9 having a wider bandgap than that of the MQW 

15 light emitting layer 8 is formed on the side of the [0001] 
direction, that is, on the higher-energy side of the energy 
band of the quantum well layer 8b, as shown in Fig. 11. 
Accordingly, the electrons are moved in the [0001] direction, 
as shown in Fig. 12, so that the electrons and the ionized 

20 donor levels are spatially separated from each other. 
Consequently, a potential gradient in the quantum well layer 
8b generated by the piezoelectric effect is decreased, and 
the energy band gradient is also decreased. 

Furthermore, a lot of Si, for example is doped as n-type 

25 impurities into the portion, in contact with the interface 



of the quantum well layer 8b on the side of the [0001] 
direction, that is, on the side of the p-type cladding layer 
10, of the barrier layer 8a, as shown in Fig. 11. Accordingly, 

the electrons are moved in the [0001] direction, as shown in 
5 Fig. 12, so that the electrons and the ionized donor levels 
are spatially separated from each other. Consequently, the 
potential gradient in the quantum well layer 8b generated by 
the piezoelectric effect is further decreased. As a result 
the electrons and the holes which are injected as current are 

10 further prevented from being separated from each other, 
thereby further preventing luminous efficiency from being 
reduced and preventing threshold current from being raised. 

Although the doping methods in the second to fifth 
examples may be individually used to obtain an effect, the 

15 doping methods in two or more of the examples may be combined 
with each other. For example, the second and third examples 
may be combined, the second, third and fourth examples may 
be combined, and the second, third, fourth and fifth examples 
may be combined. The cases will be described below. 

20 ( 6 } Sixth Example 

Figs. 13 and 14 are diagrams each showing an energy band 
in the MQW light emitting layer 8 in the semiconductor laser 
device in the sixth example. 

The sixth example is a combination of the second example 

25 and the third example, as shown in Fig. 13. In this example. 
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an n-type layer of the opposite conduction type 9 composed 
of GaN having a wider bandgap than that of the MQW light 
emitting layer 8 and having donor levels formed therein is 
formed on the side of a [0001] direction, that is, on the 
5 higher- energy side of the energy band of the MQW light 
emitting layer 8. 

Furthermore, in this example, a lot of Mg is doped as 
p-type impurities into a portion, on the side of a [0001] 
direction, that is, on the side of the n-type cladding layer 

10 7 , of a quantum well layer 8b, and a lot of Si is doped as 
n-type impurities into a portion, on the side of the [0001] 
direction, that is, on the side of the p-type cladding layer 
10, of the quantum well layer 8b. In the example, a case where 
the respective doping concentrations of Mg which is the 

15 p-type impurities and Si which is the n-type impurities are 
approximately equal to each other is illustrated. 

In this example, the n-type layer of the opposite 
conduction type 9 having a wider bandgap than that of the MQW 
light emitting layer 8 is formed on the side of the [0001] 

20 direction, that is, on the higher-energy side of the energy 
band of the quantum well layer 8b, as shown in Fig. 13. 
Accordingly, electrons are moved in the [0001] direction, as 
shown in Fig. 14, so that the electrons and the ionized donor 
levels are spatially separated from each other. 

25 Consequently, a potential gradient in the quantum well layer 
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8b generated by the piezoelectric effect is decreased, and 
the energy band gradient is also decreased. 

Furthermore, in the example, the electrons and holes 
are compensated for, as shown in Fig. 14, by doping the p-type 
5 impurities and the n-type impurities in the quantum well 
layer 8b, so that few carries by doping are generated. 
However, the potential gradient generated by the 
piezoelectric effect is further decreased by the ionized 
p-type impurities and the ionized n-type impurities. As a 

10 result, the electrons and the holes which are injected as 
current are further prevented from being separated from each 
other, thereby preventing luminous efficiency from being 
reduced and preventing threshold current from being raised. 
Particularly when both the p-type impurities and the 

15 n-type impurities are added to the MQW light emitting layer 
8, therefore, the effect of decreasing the potential gradient 
is great even if the carriers are compensated for by 
nonuniformly adding the p-type impurities and the n-type 
impurities. Further, when the respective concentrations of 

20 the p-type impurities and the n-type impurities which are 
added to the MQW light emitting layer 8 are approximately 
equal to each other, the carriers are further compensated 
for. However, the effect of decreasing the potential 
gradient is great . 

25 When the second and fifth examples are combined with 



each other, for example, the same effect as that in the sixth 
example is produced even in a case where the third and fourth 
examples are combined with each other. 
(7) Seventh Example 
5 Figs. 15 and 16 are diagrams each showing an energy band 

in the MQW light emitting layer 8 in the semiconductor laser 
device in the seventh example. 

The seventh example is a combination of the fourth 
example and the fifth example, as shown in Fig. 15. In this 

10 example, an n-type layer of the opposite conduction type 9 
composed of GaN having a wider bandgap than that of the MQW 
light emitting layer 8 and having donor levels formed therein 
is formed on the side of a [0001] direction, that is, on the 
higher-energy side of the energy band of the MQW light 

15 emitting layer 8. 

Furthermore, in this example, a lot of Mg is doped as 
p-type impurities into a portion, in contact with an 
interface of a quantum well layer 8b on the side of a [000 
1] direction, that is, on the side of the n-type cladding 

20 layer 7, of a barrier layer 8a, and a lot of Si is doped as 
n-type impurities into a portion, in contact with an 
interface of the quantum well layer 8b on the side of the 
[0001] direction, that is, on the side of the p-type cladding 
layer 10, of the barrier layer 8a. In the example, a case 

25 where the respective doping concentrations of Mg which is the 
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p-type impurities and Si which is the n-type impurities are 
approximately equal to each other is illustrated. 

In this example, the n-type layer of the opposite 
conduction type 9 having a wider bandgap than that of the MQW 
5 light emitting layer 8 is formed on the side of the [0001] 
direction, that is. on the higher-energy side of the energy 
band of the quantum well layer 8b, as shown in Fig. 15. 
Accordingly, electrons are moved in the [0001] direction, as 
shown in Fig. 16, so that the electrons and the ionized donor 

10 levels are spatially separated from each other. 
Consequently, a potential gradient in the quantum well layer 
8b generated by the piezoelectric effect is decreased, and 
the energy band gradient is also decreased. 

Furthermore, in the example, the electrons and holes 

15 are compensated for, as shown in Fig. 16, by doping the p-type 
impurities and the n-type impurities in the barrier layer, 
so that few carries by doping are generated. However, the 
potential gradient generated by the piezoelectric effect is 
further decreased by the ionized p-type impurities and the 

20 ionized n-type impurities. As a result, the electrons and 
the holes which are injected as current are further prevented 
from being separated from each other, thereby preventing 
luminous efficiency from being reduced and preventing 
threshold current from being raised. 

25 In the fourth, fifth and seventh examples, the p-type 



impurities and the n-type impurities are not doped into the 
quantum well layer 8b. Consequently, no acceptor levels and 
donor levels exist in the quantum well layer 8b. Accordingly, 
the effect of reducing the amount of light emission from 
5 acceptor levels, donor levels, or an emission center is also 
obtained. When the MQW light emitting layer 8 in the example 
is applied to a light emitting diode, therefore, the emission 
spectrum width can be decreased. As a result, it is possible 
to improve color purity. 

10 (8) Eighth example 

Figs. 17 and 18 are diagrams each showing an energy band 
in the MQW light emitting layer 8 in the semiconductor laser 
device in the eighth example. 

In the eighth example, an n-type layer of the opposite 

15 conduction type 9 composed of GaN having a wider bandgap than 
that of the MQW light emitting layer 8 and having donor levels 
formed therein is formed on the side of a [0001] direction, 
that is, on the higher-energy side of the energy band of the 
MQW light emitting layer 8, as shown in Fig. 17, as in the 

20 second example. 

Furthermore, Si, for example, is uniformly doped as 
n-type impurities into the quantum well layer 8b in the second 
example having Mg, for example, nonuniformly doped therein 
as p-type impurities. The doping concentration of Si is 

25 preferably 5 X io 16 to 5 X 10 20 cm" 3 . 
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In this example, the n-type layer of the opposite 
conduction type 9 having a wider bandgap than that of the MQW 
light emitting layer 8 is formed on the side of the [0001] 
direction, that is, on the higher-energy side of the energy 
5 band of the quantum well layer 8b, as shown in Fig. 17. 
Accordingly, electrons are moved in a [0001] direction, as 
shown in Fig. 18, so that the electrons and the ionized donor 
levels are spatially separated from each other. 
Consequently, a potential gradient in the quantum well layer 

10 8b generated by the piezoelectric effect is decreased, and 
the energy band gradient is also decreased. 

Furthermore, a lot of Mg, for example, is doped as p-type 
impurities into a portion, on the side of the [000 1] 
direction, that is, on the side of the n-type cladding layer 

15 7 , of the quantum well layer 8b, and Si, for example, is 
uniformly doped as n-type impurities into the quantum well 
layer 8b, as shown in Fig. 17. Accordingly, the electrons 
and holes are compensated for, as shown in Fig. 18, so that 
few carriers by doping are generated. However, a potential 

20 gradient occurring due to the piezoelectric effect is further 
decreased by the ionized p-type impurities and the ionized 
n-type impurities. As a result, the electrons and the holes 
which are injected as current are further prevented from 
being separated from each other, thereby further preventing 

25 luminous efficiency from being reduced and preventing 



threshold current from being raised. 

Even in cases such as a case where the n-type impurities 
are uniformly doped into the quantum well layer 8b in the 
fourth example and a case where the p-type impurities are 
5 uniformly doped into the quantum well layer 8b in the third 
or fifth example, the same effect as that in the eighth 
example is produced. 

O A method of fabricating a semiconductor laser device 
shown in Fig. 1 

10 Figs. 19 to 23 are schematic sectional views showing 

a method of fabricating the semiconductor laser device shown 
in Fig. 1. 

Each of nitride based semiconductor layers in the 
semiconductor laser device shown in Fig. 1 is formed on a 

15 sapphire substrate 1 by MOVPE . Examples of material gas 
include trimethyl aluminum ( TMA1 ) , trimethylgallium (TMGa) , 
trimethylindium (TMIn), NH 3 , SiH 4 , and cyclopentadienyl 
magnesium (Cp 2 Mg) . 

As shown in Fig. 19, the substrate temperature is kept 

20 at 600° C, to form a buffer layer 2 having a thickness of 
approximately 15 nm on the sapphire substrate 1. The 
substrate temperature is then kept at 1150° C, to form an 
undoped GaN layer 3 having a thickness of approximately 0.5 
U-m and an n-type contact layer 4 composed of Si doped GaN 

25 having a thickness of approximately 4 Urn. Further, the 
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substrate temperature is kept at 880° C, to form an n-type 
crack-preventing layer 5 composed of Si doped Ga 0 95 In 0 05 N 
having a thickness of approximately 0.1 Um. The substrate 
temperature is then kept at 1150° C, to form an n-type cladding 
5 layer 6 composed of Si doped Al 015 Ga 0 85 N having a thickness 
of approximately 0.45 Mm and an n-type cladding layer 7 
composed of Si doped GaN having a thickness of approximately 
50 nm. 

In the first example, the substrate temperature is kept 
10 at 880° C, to form a light emitting layer 8 having a single 

layer structure composed of InGaN having a thickness of 50 

nm on the n-type cladding layer 7. 

On the other hand, in the second to eighth examples, 

the substrate temperature is kept at 880° C, to form a light 
15 emitting layer 8 composed of GalnN and having an MQW structure 

by alternately stacking five barrier layers 8a composed of 

undoped GaN having a thickness of approximately 4 nm and four 

quantum well layers 8b composed of undoped Ga 0 85 In 0-15 nN having 

a thickness of approximately 4 nm. In this case, p-type 
20 impurities or n-type impurities are doped into the light 

emitting layer 8 having an MQW structure according to the 

second to eighth examples. 

After the light emitting layer 8 having a single layer 

structure or the light emitting layer 8 having an MQW 
25 structure is formed in the above-mentioned manner, the 
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substrate temperature is kept at 880° C, to form an n-type 
layer of the opposite conduction type 9 composed of n-GaN 
having a thickness of approximately 40 nm. Thereafter, the 
substrate temperature is kept at 1150° C, to form a p-type 
5 cladding layer 10 composed of Mg doped AlGaN having a 
thickness of approximately 0.45 Mm and a p-type cap layer 
11 composed of Mg doped GaN having a thickness of 
approximately 50 nm. The respective layers from the buffer 
layer 2 to the p-type cap layer 11 are formed by MOVPE under 

10 atmospheric pressure. GaN having Si, for example, doped 
therein at a substrate temperature of 1150° C may be formed 
as the n-type layer of the opposite conduction type 9. 

Thereafter, a current -blocking layer 14 composed of 
silicon nitride such as Si 3 N 4 having a thickness of 

15 approximately 0.2 Mm is formed on the entire surface of the 
p-type cap layer 11 by ECR (Electron Cyclotron Resonance) 
plasma CVD (Chemical Vapor Deposition) , for example, as shown 
in Fig. 20. The silicon nitride in a striped region having 
a width of approximately 2 /im is removed by photolithography 

20 and wet etching using BHF (Buffered Hydrofluoric Acid) , to 
expose the p-type cap layer 11. Consequently, a striped 
current path 13 is formed. 

As shown in Fig. 21, a p-type contact layer 12 composed 
of Mg doped GaN having a thickness of 3 to 5 Mm is then formed 

25 on the n-type current-blocking layer 14 and the p-type cap 



layer 11 in the striped opening by low pressure MOVPE at 76 
Torr, for example. In this case, growth conditions are 
suitably adjusted such that p-GaN is selectively grown in an 
exposed portion of the p-type cap layer 11. For example, the 
5 substrate temperature is raised by approximately 100° C, and 
the flow rate of NH 3 is increased by approximately three 
times . 

Under such conditions, p-GaN is grown in the exposed 
portion of the p-type cap layer 11 , so that a portion 

10 corresponding to the current path 13 is formed. On the other 
hand, p-GaN is not grown on the current -blocking layer 14. 
When the crystal growth is continued, p-GaN is grown on the 
current path 13, and the crystal growth is started in the 
lateral direction from a side surface of the p-GaN grown on 

15 the current path 13. Consequently, a p-type contact layer 
12 composed of p-GaN is formed on the current-blocking layer 
14. For example, the p-type contact layer 12 having a width 
of approximately 8 Mm is formed, centered at the portion 
corresponding to the current path 13. 

20 As a result, the p-type cap layer 11 and the p-type 

contact layer 12 are connected to each other by the striped 
current path 13 having a width of approximately 2 ttm. A 
current-blocking layer 14 composed of Si 3 N 4 having a thickness 
of approximately 0.2 Hxa is formed, except for the current 

25 path 13, between the p-type cap layer 11 and the p-type 
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contact layer 12 . 

As shown in Fig. 22, an Ni film having a thickness of 
3 to 5 Mm is evaporated in the shape of a strip having a width 
of approximately 10 Mm, for example, on a region including 
5 the p-type contact layer 12 using a metal mask and EB 
(Electron Beam) evaporation. A region from the p-type 
contact layer 12 to the n-type crack-preventing layer 5 is 
etched in a mesa shape until the n-type contact layer 4 is 
exposed by reactive ion etching (RIE) using the Ni film as 

10 a mask and using CF 4 , for example, as etching gas . Thereafter, 
the Ni film used as a mask is removed using a hydrochloric 
acid or the like. 

Furthermore, an insulating film 17 composed of Si 3 N 4 or 
the like is formed on a side surface of the region from the 

15 p-type contact layer 12 to the n-type crack-preventing layer 
5 and an upper surface of the n-type contact layer 4 excluding 
an electrode forming region by ECR plasma CVD, 
photolithography, and etching, as shown in Fig. 23. An 
n-electrode 16 composed of Au/Ti , for example, is formed on 

20 the exposed surface of the n-type contact layer 4, and a 
p-electrode 15 composed of Au/Pd is formed on the p-type 
contact layer 12. 

Finally, a cavity structure having a cavity length of 
300 Mm is formed in a direction along the striped current 

25 path 13 by cleavage, for example. Consequently, a 
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semiconductor laser device having the structure shown in Fig. 
1 is fabricated. 

A high reflective film and a low reflective film such 
as a dielectric multi- layer film having Si 3 N 4 , Si0 2 , A1 2 0 3 , 
5 Ti0 2 , etc. stacked thereon may be formed on a cavity surface 
of the semiconductor laser device. 
( 9 ) Ninth Example 

A semiconductor laser device according to a ninth 
example has the same structure as that of the semiconductor 

10 laser device shown in Fig. 1, and differs therefrom in a 
method of growing nitride based semiconductor lasers as 
crystals, as described below. 

In the structure of the semiconductor laser device shown 
in Fig. 1, at least a buffer layer 2 and an undoped GaN layer 

15 3 are grown as crystals on a (0001) surface of a sapphire 
substrate 1, respectively, at low temperature and at high 
temperature by MOVPE, after which other layers 4 to 12 and 
14 are grown as crystals by a crystal growth method, other 
than MOVPE, for example, MBE and HVPE (Halide Vapor Phase 

20 Epitaxy) . A light emitting layer 8 in the example has a single 
layer structure or an MQW structure, as in the above- 
mentioned first to eighth examples. 

In the example, each of the layers from the undoped GaN 
layer 3 to the p-type contact layer 12 has a wurtzite 

25 structure, and is grown in a [0001] direction of a nitride 
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based semiconductor. Consequently, the same effect as those 
in the first to eighth examples is obtained . 

When the buffer layer 2 is thus grown on the (0001) 
surface of the sapphire substrate 1 at low temperature by 
5 MOVPE, and the nitride based semiconductor layer is 
subsequently grown as a crystal at high temperature, the 
nitride based semiconductor layer is grown in the [0001] 
direction. Thereafter, even if the crystal growth method is 
changed, the crystal growth direction is not changed, so that 

10 the nitride based semiconductor laser continues to be grown 
in the [0001] direction. 

When the n-type layer of the opposite conduction type 
9 also functions as an optical guide layer, as in the first 
to ninth examples , a layer having a wider bandgap than that 

15 of the n-type layer of the opposite conduction type 9 may be 
formed between the light emitting layer 8 and the n-type layer 
of the opposite conduction type 9 . This case will be 
described below. 

(10) Tenth example 

20 Fig. 24 is a schematic perspective view showing the 

structure of a semiconductor laser device in a tenth example 
of the present invention. 

The semiconductor laser device in the tenth example has 
the same structure as the semiconductor laser device shown 

25 in Fig. 1 except that a cladding layer 18 composed of AlGaN 



56 



having a wider bandgap than that of an n-type layer of the 
opposite conduction type 9 is formed between a light emitting 
layer 8 and the n-type layer of the opposite conduction type 
9 . The semiconductor laser device in the example comprises 
5 a light emitting layer 8 having a single layer structure 
composed of InGaN having a thickness of 50 nm, similarly to 
the semiconductor laser device in the first example. 

An example of the cladding layer 18 is AljjGa^N having 
a thickness of 1 to 100 nm. In this case, it is preferable 

10 that 0 ^ X ^ 0.1. The conductivity type of the cladding 
layer 18 may have insulating properties, or may be an n-type 
or a p-type. When the p-type cladding layer 18 is formed, 
the concentration of acceptor levels formed in the cladding 
layer 18 must be made lower than the concentration of donor 

15 levels formed in the n-type layer of the opposite conduction 
type 9 . 

Figs. 25 and 26 are diagrams each showing respective 
energy bands in an n-type cladding layer 7, the light emitting 
layer 8, the cladding layer 18, the n-type layer of the 
20 opposite conduction type 9, and a p-type cladding layer 10 
in the semiconductor laser device shown in Fig. 24. 

As shown in Fig. 25, the n-type layer of the opposite 
conduction type 9 composed of GaN having a wider bandgap than 
that of the light emitting layer 8 and having donor levels 
25 formed therein is formed on the side of a [0001] direction. 



that is, on the higher-energy side of the energy band of the 
light emitting layer 8, as in the example 1. The bandgap of 
the n-type layer of the opposite conductin type 9 is narrower 
than the bandgap of the p-type cladding layer 10 composed of 
5 p-AlGaN. Accordingly, the refractive index of the n-type 
layer of the opposite conduction type 9 is higher than the 
refractive index of the p-type cladding layer 10. 
Consequently, the n-type layer of the opposite conduction 
type 9 also functions as an optical guide layer. 

10 Furthermore, in this example, the cladding layer 18 

composed of AlGaN is formed between the n-type layer of the 
opposite conduction type 9 and the light emitting layer. The 
cladding layer 18 has a wider bandgap than that of the n- 
type layer of the opposite conduction type 9. Consequently, 

15 the cladding layer 18 allows a structure in which the optical 
guide layer (the n-type layer of the opposite conduction type 
9) is separated from the light emitting layer 8. 

In the example, the n-type layer of the opposite 
conduction type 9 having a wider bandgap than that of the 

20 light emitting layer 8 is formed on the side of the [0001] 
direction, that is, on the higher-energy side of the energy 
band of the light emitting layer 8, as shown in Fig. 25. 
Accordingly, electrons are moved in a [0001] direction, as 
shown in Fig. 26, so that the electrons and the ionized donor 

25 levels are spatially separated from each other. 
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Consequently, a potential gradient in the light emitting 
layer 8 which occurs due to a piezoelectric effect is 
decreased, and the energy band gradient is also decreased. 
As a result, the electrons and holes which are injected as 
5 current are prevented from being separated from each other, 
thereby preventing luminous efficiency from being reduced 
and preventing threshold current from being raised. 

Although in the example, description was made of a case 
where the light emitting layer 8 has the single layer 

10 structure, a cladding layer having a wider bandgap than that 
of the n-type layer of the opposite conduction type 9 can be 
formed between the light emitting layer 8 and the n-type layer 
of the opposite conduction type 9 even in a case where the 
light emitting layer 8 has an MQW structure, as in the second 

15 to eighth examples. Also in this case, the same effect as 
those in the second to ninth examples is obtained. 

Although in the first to tenth examples, description 
was made of a case where the n-type layer of the opposite 
conduction type 9 has a narrower bandgap than that of the 

20 p-type cladding layer 10, the bandgap of the n-type layer of 
the opposite conduction type 9 may be the same as the bandgap 
of the p-type cladding layer 10. The bandgap of the n-type 
layer of the opposite conduction type 9 may be wider than the 
bandgap of the p-type cladding layer 10. Also in this case, 

25 the n-type layer of the opposite conduction type 9 does not 



function as an optical guide layer. 

Although in the above-mentioned first to tenth 
examples, description was made of a case where the n-type 
layer of the opposite conduction type is formed between the 
5 light emitting layer 8 and the p-type semiconductor layer in 
order to decrease the potential gradient formed in the light 
emitting layer 8, a p-type layer of the opposite conduction 
type having a wider bandgap than that of the light emitting 
layer 8 may be formed between the light emitting layer 8 and 
10 the n-type semiconductor layer. Also in this case, it is 
possible to decrease the potential gradient formed in the 
light emitting layer 8. This case will be described below. 
(11) Eleventh Example 

Fig. 2 7 is a schematic perspective view showing the 
15 structure of a semiconductor laser device in an eleventh 
example of the present invention. 

The semiconductor laser device in the eleventh example 
has the same structure as the semiconductor laser device 
shown in Fig. 1 in each of the first to eighth examples except 
20 for the following. The semiconductor laser device in the 
example comprises a light emitting layer 8 having a single 
layer structure composed of InGaN having a thickness of 50 
nm, similarly to the semiconductor laser device in the first 
example. 

25 As shown in Fig. 27, in the semiconductor laser device 
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in the eleventh example, a p-type layer of the opposite 
conduction type 19 composed of GaN having acceptor levels 
formed therein is formed on an n-type cladding layer 6 
composed of n-AlGaN. It is preferable that the thickness of 
5 the p-type layer of the opposite conduction type 19 is 
approximately 1 to 100 nm, and is approximately 40 nm in the 
example. Further, the concentration of the acceptor levels 
formed in the p-type layer of the opposite conduction type 
19 is preferably 1 X io 17 to 3 X io 18 cm" 3 . Mg, for example, 

10 is doped at a concentration of approximately 3 X io 18 cm" 3 . 
The light emitting layer 8 is formed on the p-type layer of 
the opposite conduction type 19, and a p-type cladding layer 
10b composed of p-GaN having a thickness of approximately 40 
nm is further formed. A p-type cladding layer 10 composed 

15 of p-AlGaN is formed on the p-type cladding layer 10b. 

Figs. 28 and 29 are diagrams each showing respective 
energy bands in the n-type cladding layer 6, the p-type layer 
of the opposite conduction type 19, the light emitting layer 
8, and the p-type cladding layer 10b in the semiconductor 

20 laser device in the eleventh example. 

As shown in Fig. 28, a p-type layer of the opposite 
conduction type 19 having a wider bandgap than that of the 
light emitting layer 8 is formed on the side of a [0001] 
direction, that is, on the lower-energy side of the energy 

25 band, of the light emitting layer 8. The bandgap of the p-type 



layer of the opposite conduction type 19 is narrower than the 
bandgap of the n-type cladding layer 6. Accordingly, the 
refractive index of the n-type layer of the opposite 
conduction type 19 is higher than the refractive index of the 
5 n-type cladding layer 6. Consequently, the p-type layer of 
the opposite conduction type 19 also functions as an optical 
guide layer. 

In this example, the p-type layer of the opposite 
conduction type 19 having a wider bandgap than that of the 

10 light emitting layer 8 is formed on the side of the [0001] 
direction, that is, on the lower-energy side of the energy 
band, of the light emitting layer 8, as shown in Fig. 28. 
Accordingly, holes are moved in a [0001] direction, as shown 
in Fig. 29, so that the holes and the ionized acceptor levels 

15 are spatially separated from each other. Consequently, a 
potential gradient in the light emitting layer 8 which occurs 
due to a piezoelectric effect is decreased, and the energy 
band gradient is also decreased. As a result, electrons and 
the holes which are injected as current are prevented from 

20 being separated from each other, thereby preventing luminous 
efficiency from being reduced and preventing threshold 
current from being raised. 

Although in the example, description was made of a case 
where the light emitting layer 8 has the single layer 

25 structure, the light emitting layer 8 may have an MQW 



structure. Further, p-type impurities and/ or n-type 
impurities may be nonuniformly doped into the light emitting 
layer 8 having the MQW structure. In this case, the potential 
gradient in the light emitting layer 8 can be further 
5 decreased. 

Furthermore, in the example, a cladding layer composed 
of AlGaN and having a wider bandgap than that of the p-type 
layer of the opposite conduction type 19 may be formed between 
the n-type cladding layer 6 and the p-type layer of the 

10 opposite conduction type 19. The cladding layer allows a 
structure in which the p-type layer of the opposite 
conduction type 19 functioning as an optical guide layer is 
separated from the light emitting layer 8. An example of the 
cladding layer having a wider bandgap than that of the p- 

15 type layer of the opposite conduction type 19 is AlxGa^N 
having a thickness of approximately 1 to 100 nm. In this case, 
it is preferable that 0 ^ X ^ 0.1. The conductivity type 
of the cladding layer 18 may have insulating properties, or 
may be an n-type or a p-type. When the n-type cladding layer 

20 is formed, the concentration of donor levels formed in the 
cladding layer must be lower than the concentration of the 
acceptor levels formed in the p-type layer of the opposite 
conduction type 19. 

Although in the examples , description was made of a case 

25 where the p-type layer of the opposite conduction type 19 has 
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a narrower bandgap than that of the n-type cladding layer 6, 
the bandgap of the p-type layer of the opposite conduction 
type 19 may be the same as the bandgap of the n-type cladding 
layer 6. The bandgap of the p-type layer of the opposite 
5 conduction type 19 may be wider than the bandgap of the n-type 
cladding layer 6. In this case, the p-type layer of the 
opposite conduction type 19 does not function as an optical 
guide layer. 

In the above-mentioned first to eleventh examples, 

10 description was made of a case where the semiconductor laser 
device has an n-type layer of the opposite conduction type 
or a p-type layer of the opposite conduction type, the n- 
type layer of the opposite conduction type and the p-type 
layer of the opposite conduction type may be simultaneously 

15 formed. For example, the first example and the eleventh 
example may be combined with each other. In this case, the 
effect of preventing luminous efficiency from being reduced 
is further heightened. 

Although in the above-mentioned first to eleventh 

20 examples, description was made of a case where the n-type 
layer of the opposite conduction type 9 and the p-type layer 
of the opposite conduction type 19 are composed of GaN, a 
material composing the n-type layer of the opposite 
conduction type and the p-type layer of the opposite 

25 conduction type is not limited to the same. The n-type layer 
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of the opposite conduction type and the p-type layer of the 
opposite conduction type may be composed of InGaN, AlGalnN, 
AlGaN, etc. having a wider bandgap than that of the light 
emitting layer 8. Even in a case where the n-type layer of 
5 the opposite conduction type and the p-type layer of the 
opposite conduction type which are composed of such a 
material are formed, it is preferable that the thickness of 
each of the n-type layer of the opposite conduction type and 
the p-type layer of the opposite conduction type is 

10 approximately 1 to 100 nm, and the concentration of the 
acceptor levels or the donor levels is approximately 1 X io 17 
to 3 X io 18 cm" 3 

For example, in the first to tenth examples, an n-InGaN 
layer, an n-AlGalnN layer, or an n-AlGaN layer having a 

15 bandgap which is larger than that of the light emitting layer 
8 and is the same as or wider than that of the p-type cladding 
layer 10 composed of p- AlGaN may be formed as the n-type layer 
of the opposite conduction type. 

Alternatively, an n- InGaN layer, an n-AlGalnN layer, 

20 or an n-AlGaN layer having a bandgap which is wider than that 
of the light emitting layer 8 and is narrower than that of 
the p-type cladding layer 10 composed of p-AlGaN may be formed 
as the n-type layer of the opposite conduction type. In this 
case, the refractive index of the n-type layer of the opposite 

25 conduction type is larger than the refractive index of the 



p-type cladding layer 10. Accordingly, the n-type layer of 
the opposite conduction type also functions as an optical 
guide layer. 

On the other hand, in the eleventh example, a p-InGaN 
5 layer, a p-AlGalnN layer, or a p-AlGaN layer having a bandgap 
which is wider than that of the light emitting layer 8 and 
is the same as or wider that of the n-type cladding layer 6 
composed of n-AlGaN may be formed as the p-type layer of the 
opposite conduction type. 

10 Alternatively, a p-InGaN layer, a p-AlGalnN layer, or 

a p-AlGaN layer having a bandgap which is wider than that of 
the light emitting layer 8 and is narrower than that of the 
n-type cladding layer 6 composed of n-AlGaN may be formed as 
the p-type layer of the opposite conduction type. In this 

15 case, the refractive index of the p-type layer of the opposite 
conduction type is higher than the refractive index of the 
n-type cladding layer 6. Accordingly, the p-type layer of 
the opposite conduction type also functions as an optical 
guide layer. 

20 In the above-mentioned first to eleventh examples, the 

sapphire substrate 1 is used as a substrate, substrates 
composed of spinel, SiC, Si, GaAs , GaP, InP, GaN, etc., may 
be used, provided that the nitride based semiconductor layer 
has a wurtzite structure. 

25 In the above-mentioned first to eleventh examples. 
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description was made of the light emitting layer 8 having a 
wurtzite structure having a compressive strain in its in- 
plane direction as well as a strain extending in a direction 
perpendicular to its interface. In the case of a light 
5 emitting device having a light emitting layer 8 having a 
wurtzite structure having a strain extending in its in-plane 
direction as well as a compressive strain in a direction 
perpendicular to its interface, and having an n-type layer 
on the side of a [0001] direction and a p-type layer on the 

10 side of a [0001] direction, however, the position where an 
n-type layer of the opposite conduction type or a p-type layer 
of the opposite conduction type is formed may be reverse to 
that in the first to eleventh examples with respect to a 
(0001) plane at the center of the light emitting layer. 

15 Further, in a case where at least one of n-type impurities 
and p-type impurities are nonunif ormly added to the light 
emitting layer having an MQW structure, the position where 
the p-type impurities or the n-type impurities are 
distributed by doping may be reverse to that in the second 

20 to eighth examples with respect to a (0001) plane at the 
center of a quantum well layer. 

Furthermore, the same effect is obtained if the 
semiconductor has a wurtzite structure or a Hexagonal 
structure, including a 1 1 -VI group compound semiconductor, 

25 represented by ZnSe having a wurtzite structure. However, 



in the case of the II-VI group compound semiconductor and a 
I -VII group compound semiconductor represented by CuCl , the 
potential gradient is reversed. 

Additionally, the principal-plane direction of the 
5 light emitting layer is not limited to a (0001) plane, 
provided that the direction perpendicular to the interface 
of the light emitting layer is the direction in which the 
potential gradient is generated by a strain. If the 
principal-plane direction of the strained light emitting 

10 layer is any plane direction other than a direction of a plane 
including a [0001] axis, a potential gradient occurs by the 
strain in the direction perpendicular to the light emitting 
layer due to symmetry of a crystal having a wurtzite 
structure. That is, if the principal-plane direction of the 

15 strained light emitting layer is any plane direction other 
than a principal-plane direction represented by a general 
formula (HKL0), a piezoelectric effect exists. H, K, and L 
are arbitrary numbers satisfying H + K + L = 0 and excluding 
H = K = L = 0. The above-mentioned (HKL0) plane is a (11 

20 00) plane and a (1120) plane, for example. Particularly in 
the strained light emitting layer having a (0001) plane as 
its principal plane, a piezoelectric effect for generating 
a potential gradient in the direction perpendicular to the 
interface of the light emitting layer is the greatest. 

25 However, there is a specific plane direction in which the 
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piezoelectric effect does not accidentally exist by 
piezoelectric stress coefficients depending on the material. 
The principal-plane direction of the light emitting layer in 
which a strain generates a potential gradient will be 
5 described later. 

(B) Second Embodiment 

A light emitting device according to a second embodiment 
has a light emitting layer having a zinc-blende structure 
having a (111) plane as its principal plane. The light 

10 emitting layer has a strain in a direction perpendicular to 
its plane (a direction perpendicular to its interface) . A 
piezoelectric effect in the light emitting layer generates 
a potential gradient. 

The light emitting layer having the strain may have a 

15 single layer structure. Alternatively, it may have an SQW 
structure with one quantum well layer interposed between two 
barrier layers, or may have an MQW structure obtained by 
alternately stacking two or more well layers and three or more 
barrier layers. In the light emitting layer having the 

20 quantum well structure such as the SQW structure or the MQW 
structure, the well layer has a strain, and the piezoelectric 
effect generates a potential gradient in the well layer. 

The light emitting layer is arranged so as to be 
interposed between a p-type layer and an n-type layer. A 

25 p-electrode is formed in the p-type layer, and holes are 



injected into the p-type layer from the p-electrode. An 
n-electrode is formed in the n-type layer, and electrons are 
injected into the n-type layer from the n-electrode. 

In a III-V group compound semiconductor, when a light 
5 emitting layer has a strain extending in its in-plane 
direction (a direction parallel to its interface) and has a 
compressive strain in a direction perpendicular to the 
interface of the light emitting layer, a potential is high 
on the side of a [111] direction, while being low on the side 

10 of a [111] direction in a potential gradient in the light 
emitting layer generated by a piezoelectric effect. In a 
light emitting device having such strains in its light 
emitting layer, and having a p-type layer on the side of the 
[111] direction and an n-type layer on the side of the [111] 

15 direction, a potential in the light emitting layer is lower 
on the side of the n-type layer than that on the side of the 
p-type layer. When the light emitting layer has the quantum 
well structure, the potential in the quantum well layer is 
lower on the side of the n-type layer than that on the side 

20 of the p-type layer. In order to decrease the potential 
gradient generated by the piezoelectric effect, an n-type 
layer of the opposite conduction type having a wider bandgap 
than that of the light emitting layer is formed between the 
p-type layer and the light emitting layer. Alternatively, 

25 a p-type layer of the opposite conduction type having a wider 
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bandgap than that of the light emitting layer is formed 
between the n-type layer and the light emitting layer. In 
both a case where the light emitting layer has the single 
layer structure and a case where it has the quantum well 
5 structure, the same effect is also obtained by such a method. 

Furthermore, when the light emitting layer has the 
quantum well structure, acceptor levels or donor levels are 
nonuniformly formed in the quantum well layer, thereby making 
it possible to further decrease the potential gradient in the 

10 light emitting layer generated by the piezoelectric effect. 
In this case, a lot of acceptor levels are formed in a portion, 
on the side of the [111] direction, of the quantum well layer, 
or are formed in a portion, in contact with an interface of 
the quantum well layer on the side of the [111] direction, 

15 of the barrier layer. Alternatively, a lot of donor levels 
are formed in a portion, on the side of the [111] direction, 
of the quantum well layer, or are formed in a portion, in 
contact with an interface of the quantum well layer on the 
side of the [111] direction, of the barrier layer. 

20 Conversely, in the III-V group compound semiconductor, 

when the light emitting layer has a compressive strain in its 
in-plane direction (a direction parallel to its interface) 
and has a strain extending in a direction perpendicular to 
the interface of the light emitting layer, a potential is high 

25 on the side of the [111] direction, while being low on the 



side of the [111] direction in the potential gradient in the 
light emitting layer generated by the piezoelectric effect. 
In a light emitting device having such strains in its light 
emitting layer, and having a p-type layer on the side of the 

5 [111] direction and an n-type layer on the side of the till] 
direction, the potential in the light emitting layer is lower 
on the side of the n-type layer than that on the side of the 
p-type layer. When the light emitting layer has the quantum 
well layer, the potential in the quantum well structure is 

10 lower on the side of the n-type layer than that on the side 
of the p-type layer. In order to decrease the potential 
gradient which occurs due to the piezoelectric effect, an 
n-type layer of the opposite conduction type having a wider 
bandgap than that of the light emitting layer is formed 

15 between the p-type layer and the light emitting layer. 
Alternatively, a p-type layer of the opposite conduction type 
having a wider bandgap than that of the light emitting layer 
is formed between the n-type layer and the light emitting 
layer. In both a case where the light emitting layer has the 

20 single layer structure and a case where it has the quantum 
well structure, the same effect is also obtained by such a 
method. 

Furthermore, when the light emitting layer has the 
quantum well structure, acceptor levels or donor levels are 
25 nonunif ormly formed in the quantum well layer, thereby making 



it possible to further decrease the potential gradient in the 
light emitting layer generated by the piezoelectric effect. 
In this case, a lot of acceptor levels are formed in a portion, 
on the side of the [111] direction, of the quantum well layer, 
5 or are formed in a portion, in contact with an interface of 
the quantum well layer on the side of the [ill] direction, 
of the barrier layer. Alternatively, a lot of donor levels 
are formed in a portion, on the side of the [111] direction, 
of the quantum well layer, or are formed in a portion, in 

10 contact with an interface of the quantum well layer on the 
side of the [111] direction, of the barrier layer. 

On the other hand, in a II -VI group compound 
semiconductor and a I -VI I group compound semiconductor, when 
a light emitting layer has a strain extending in its in-plane 

15 direction (a direction parallel to its interface) and has a 
compressive strain in a direction perpendicular to the 
interface of the light emitting layer, a potential is high 
on the side of a [111] direction, while being low on the side 
of a [111] direction in a potential gradient in the light 

20 emitting layer generated by a piezoelectric effect. In a 
light emitting device having such strains, and having a 
p-type layer on the side of the [111] direction and an n- 
type layer on the side of the [ill] direction, an n-type layer 
of the opposite conduction type having a wider bandgap than 

25 that of the light emitting layer is formed between the p- 



type layer and the light emitting layer in order to decrease 
the potential gradient generated by the piezoelectric 
effect. Alternatively, a p-type layer of the opposite 
conduction type having a wider bandgap than that of the light 
5 emitting layer is formed between the n-type layer and the 
light emitting layer. In both a case where the light emitting 
layer has the single layer structure and a case where it has 
the quantum well structure, the same effect is also obtained 
by such a method. 

10 Furthermore, when the light emitting layer has the 

quantum well structure, acceptor levels or donor levels are 
nonunif ormly formed in the quantum well layer, thereby making 
it possible to further decrease the potential gradient in the 
light emitting layer generated by the piezoelectric effect. 

15 In this case, a lot of acceptor levels are formed in a portion, 
on the side of the [ill] direction, of the quantum well layer, 
or are formed in a portion, in contact with an interface of 

the quantum well layer on the side of the [111] direction, 
of the barrier layer. Alternatively, a lot of donor levels 

20 are formed in a portion, on the side of the [1113 direction, 
of the quantum well layer, or are formed in a portion, in 
contact with an interface of the quantum well layer on the 
side of the [111] direction, of the barrier layer. 

Conversely, in the I I -VI group compound semiconductor 

25 and the I -VI I group compound semiconductor, when the light 



emitting layer has a compressive strain in its in-plane 
direction (a direction parallel to its interface) and has a 
strain extending in a direction perpendicular to the 
interface of the light emitting layer, a potential is high 
5 on the side of the [111] direction, while being low on the 
side of the [111] direction in the potential gradient in the 
light emitting layer generated by the piezoelectric effect. 
In a light emitting device having such strains in its light 
emitting layer, and having a p-type layer on the side of the 

10 [111] direction and an n-type layer on the side of the [111] 
direction, the potential in the light emitting layer is lower 
on the side of the n-type layer than that on the side of the 
p-type layer. When the light emitting layer has the quantum 
well structure, the potential in the quantum well layer is 

15 lower on the side of the n-type layer than that on the side 
of the p-type layer. In order to decrease the potential 
gradient generated by the piezoelectric effect, an n-type 
layer of the opposite conduction type having a wider bandgap 
than that of the light emitting layer is formed between the 

20 p-type layer and the light emitting layer. Alternatively, 
a p-type layer of the opposite conduction type having a wider 
bandgap than that of the light emitting layer is formed 
between the n-type layer and the light emitting layer. In 
both a case where the light emitting layer has the single 

25 layer structure and a case where it has the quantum well 
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structure, the same effect is also obtained by such a method. 

Furthermore, when the light emitting layer has a quantum 
well structure, acceptor levels or donor levels are 
nonuniformly formed in the quantum well layer, thereby making 
5 it possible to further decrease the potential gradient in the 
light emitting layer generated by the piezoelectric effect. 
In this case, a lot of acceptor levels are formed in a portion, 
on the side of the [111] direction, of the quantum well layer, 
or are formed in a portion, in contact with an interface of 

10 the quantum well layer on the side of the till] direction, 
of the barrier layer. Alternatively, a lot of donor levels 
are formed in a portion, on the side of the [111] direction, 
of the quantum well layer, or are formed in a portion, in 
contact with an interface of the quantum well layer on the 

15 side of the [ill] direction, of the barrier layer. 

The principal-plane direction of the light emitting 
layer is not limited to a principal-plane direction 
equivalent to a (111) plane, provided that the direction 
perpendicular to the interface of the light emitting layer 

20 is the direction in which the potential gradient is generated 
by a strain. If the principal-plane direction of the strained 
light emitting layer is any plane direction other than a 
direction of a plane including a [100] axis and a 
principal-plane direction equivalent thereto, a potential 

25 gradient occurs in the direction perpendicular to the 



interface of the light emitting layer by the strain. That 
is, if the principal-plane direction of the strained light 
emitting layer is any plane direction other than a 
principal-plane direction represented by a general formula 
5 (OMN) and a principal-plane direction equivalent thereto, a 
piezoelectric effect exists. M and N are arbitrary numbers 
excluding M = N = 0. The above-mentioned (OMN) plane is a 
(001) plane and a (Oil) plane, for example. Particularly in 
the strained light emitting layer having a (111) plane as its 

10 principal plane, a piezoelectric effect for generating a 
potential gradient in the direction perpendicular to the 
interface of the light emitting layer is the greatest. The 
principal-plane direction of the light emitting layer in 
which a strain generates a potential gradient will be 

15 described later. 

(12) Twelfth Example 

Fig. 30 is a cross-sectional view showing the structure 
of an AlGalnP based semiconductor laser device having a 
buried ridge structure in a twelfth example of the present 

20 invention. The semiconductor laser device in the twelfth 
example has an MQW light emitting layer having a multiple 
quantum well (MQW) structure. Figs. 31 and 32 are diagrams 
each showing an energy band in the MQW light emitting layer 
in the semiconductor laser device in the twelfth example. 

25 In Fig. 30, an n-GaAs substrate 21 has a (lll)B surface. 



An n-type buffer layer 22 composed of n-Ga 051 In 049 P , an n- 
type cladding layer 23 composed of n- ( Al 0 7 Ga 0 3 ) 0 sl In 0 49 P , and 
an MQW light emitting layer 24 are formed in this order on 
the n-GaAs substrate 21. 
5 The MQW light emitting layer 24 is constructed by 

alternately stacking five compressive strain barrier layers 
24a composed of (Al 0 5 Ga 0 5 ) 0 . 45 In 0 55 P and four tensile strain 
well layers 24b composed of Ga 0 6 In 0 4 P on an optical guide 
layer 24c composed of p- (Al 0 . 5 Ga 05 ) 051 In 0 . 49 P, as shown in Fig. 
10 31. In the present embodiment, the optical guide layer 24c 
corresponds to a p-type layer of the opposite conduction 
type. 

An optical guide layer 25 composed of n-(Al 0 57 Ga 
0 43 ) 0 51 In 0 49 P is formed on the MQW light emitting layer 24. 

15 In the present embodiment, the optical guide layer 2 5 
corresponds to an n-type layer of the opposite conduction 
type. A multiple quantum barrier (MQB) layer 26 is formed 
on the optical guide layer 25 . The MQB layer 26 is constructed 
by alternately stacking ten well layers composed of 

20 Ga 0 51 In 0 49 P and ten barrier layers composed of 
(Al 0 7 Ga 0 3 ) 0 sl In 0 49 P. The MQB layer 26 is provided in order 
to improve temperature characteristics. 

A p-type cladding layer 27 composed of p- 
( Al 0 . 7 Ga 0 . 3 ) 0 . 51 In 0 . 49 P is formed on the MQB layer 26. An upper 

25 region of the p-type cladding layer 27 is formed into a 
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striped ridge portion by mesa etching or the like. The width 
of the ridge portion is 5 Urn. A p-type contact layer 28 
composed of p-Ga 0 51 In 0 49 P is formed on the ridge portion of 
the p-type cladding layer 27. 
5 An n-type current-blocking layer 29 composed of n-GaAs 

is formed on both sides of the p-type cladding layer 27, and 
a p-type cap layer 30 composed of p-GaAs is formed on the 
p-type contact layer 28 and the n-type current-blocking layer 
29. An n-electrode 32 is formed on a lower surface of the 
10 n-GaAs substrate 21, and a p-electrode 31 is formed on an 
upper surface of the p-type cap layer 30. 

Table 1 shows a material for each of the layers in the 
semiconductor laser device shown in Fig. 30 and the thickness 
thereof . 
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Material 


Thickness 


n-type buffer layer 
22 


n-Ga 0 51 In 0 49 P 


0,3/zm 


n-type cladding 
1 avpr 23 


n- (Al 0 . 7 Ga 0 . 3 ) 0 .5i In o.49 P 


0 . 8 lim 


MQW 
active 
layer 
24 


optical 
guide 
layer 2 4c 


p-(Al 0 . 5 Ga 0 . 5 ) 0 . 51 In 0 . 49 P 


50nm 


barrier 
layer 2 4a 


lA± 0 5 l3a 0 .sJ 0.45 Ail 0.55 Jr 


Each 4nm 


well layer 
24b 


Ga 0 . 6 In 0 . 4 P 


Each lOnm 


optical 
9 s 


guide layer 


n- (Al 0 . 57 Ga 0 . 43 ) 0 .5iIn 0 . 49 P 


30nm 


multiple 
quantum 
barrier 
layer 2 6 


well 
layer 


Ga 0 . 51 In 0 . 49 P 


Each 
1 . lnm 


barrier 
layer 


(Al 0 . 7 Ga 0 . 3 )o. 5 iIn 0 . 49 P 


Each 
1 . 7nm 


p-type 

1 «vftT 27 


cladding 


p-(Al 0 . 7 Ga 0 . 3 ) 0 .5iIn 0 . 49 P 


0 . 8/xm 


p-type contact 
layer 28 


p-Ga 0 . 51 In 0 . 49 P 


0 . 1 Mm 


n-type current - 
blockinq layer 2 9 


n-GaAs 


0 . 8 Km 


p-type cap layer 30 


p-GaAs 


3 Km 



In the semiconductor laser device, each of the layers 
5 22 to 30 on the n-GaAs substrate 21 is formed by MOVPE or the 
like. 

The lattice constant of the compressive strain barrier 
layer 24a is set to a value larger than the lattice constant 
of the n-GaAs substrate 21. Consequently, the compressive 
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strain barrier layer 24a has a compressive strain with 
respect to the n-GaAs substrate 21. The lattice constant of 
the tensile strain well layer 24b is set to a value smaller 
than the lattice constant of the n-GaAs substrate 21. 
5 Consequently, the tensile strain well layer 24b has a tensile 
strain with respect to the n-GaAs substrate 21. 

As shown in Fig. 31, in this example, a p-type optical 
guide layer 2 4c having a bandgap which is narrower than that 
of the n-type cladding layer 23 and is larger than those of 

10 the compressive strain barrier layer 24a and the tensile 
strain well layer 24b is formed as a p-type layer of the 
opposite conduction type. Further, an n-type optical guide 
layer 2 5 having a bandgap which is wider than those of the 
compressive strain barrier layer 24a and the tensile strain 

15 well layer 24b and is narrower than that of the MQB layer 26 
is formed as an n-type layer of the opposite conduction type. 

Furthermore, a lot of Se, for example, is doped as n-type 
impurities into a portion, in contact with an interface of 
the tensile strain well layer 24b on the side of a [111] 

20 direction, that is, on the side of the optical guide layer 
25, of the compressive strain barrier layer 24a, and a lot 
of Zn, for example, is doped as p-type impurities into a 
portion, in contact with an interface of the tensile strain 
well layer 24b on the side of a [111] direction, that is, on 

25 the side of the optical guide layer 24c, of the compressive 



81 

strain barrier layer 24a. Accordingly, the compressive 
strain barrier layer 24a has a delta-doping structure. In 
this example, description is made of a case where the 
respective doping concentrations of the n-type impurities 
5 and the p-type impurities are approximately equal to each 
other . 

In this example, the well layer 24b and the barrier layer 
24a respectively have a tensile strain and a compressive 
strain in an in-plane direction of a quantum well in the MQW 

10 light emitting layer 24. Accordingly, a potential gradient 
reverse to that in the well layer 2 4b occurs in the barrier 
layer 24a. Therefore, in the energy band in the MQW light 
emitting layer 24, the energy band in the barrier layer 24a 
is higher on the side of the [111] direction than that on the 

15 side of the [111] direction, and the energy band in the well 
layer 24b is higher on the side of the [111] direction than 
that on the side of the [111] direction. 

In the present embodiment, electrons and holes are 
compensated for, as shown in Fig. 32, so that few carriers 

20 by doping are generated. However, the potential gradient in 
the tensile strain well layer 24b is decreased by ionized 
p-type impurities and ionized n-type impurities. As a 
result, the electrons and the holes which are injected as 
current are prevented from being separated from each other, 

25 thereby preventing luminous efficiency from being reduced 
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and preventing threshold current from being raised. 
(13) Thirteenth Example 

Fig. 33 is a cross-sectional view showing the structure 
of a ZnSe based semiconductor laser device in a thirteenth 
5 example of the present invention. The semiconductor laser 
device in the thirteenth example has an MQW light emitting 
layer having an MQW structure. Figs. 34 and 35 are diagrams 
each showing an energy band in the MQW light emitting layer 
in the semiconductor laser device in the thirteenth example. 

10 In Fig. 33, an n-type first buffer layer 42 composed 

of n-GaAs, an n-type second buffer layer 43 composed of 
n-ZnSe, an n-type cladding layer 44 composed of n- 
Zn 09 Mg 0 .iS 0-15 Se 0 8S , a p-type layer of the opposite conduction 
type 45 composed of p-ZnS 0 15 Se 0 85 , and an MQW light emitting 

15 layer 46 are formed in this order on a (lll)B surface of an 
n-GaAs substrate 41. 

The MQW light emitting layer 46 is constructed by 
alternately stacking five tensile strain barrier layers 46a 
composed of ZnS 01 Se 0 9 and four compressive strain well layers 

20 46b composed of Zn 0 7 Cd 0 3 Se, as shown in Fig. 34. 

An n-type layer of the opposite conduction type 47 
composed of n-ZnS 0 15 Se 0 85 and a p-type cladding layer 48 
composed of p-Zn 0 9 Mg 0 ^Sq 15 Se 0 85 are formed on the MQW light 
emitting layer 46. An upper region of the p-type cladding 

25 layer 48 is a striped ridge portion. 
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A p-type contact layer 49 composed of p-ZnSe is formed 
on the ridge portion of the p-type cladding layer 48, and an 
Si0 2 film 50 is formed on both sides of the ridge portion of 
the p-type cladding layer 48 and the p-type contact layer 49. 
5 An n-electrode 51 is formed on a lower surface of the n-GaAs 
substrate 41, and a p-electrode 52 is formed on the p-type 
contact layer 49 and the Si0 2 layer 50. 

Table 2 shows a material for each of the layers in the 
semiconductor laser device shown in Fig. 33 and the thickness 
10 thereof. 
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Table 2 



n-type first buffer 
layer 4 2 



n-type second buffer 
layer 4 3 



n-type cladding layer 44 



Material 



n-GaAs 



n-ZnSe 



n-Zno.9Mgo.jSo.i5Seo.8s 



p-type layer of the 
opposite conduction type 
45 



MQW 
active 
layer 
46 



tensile strain 
barrier layer 
46a 



compressive 
strain well 
layer 4 6b 



p-ZnSo. 15 Se 0 



ZnSo.xSeo.9 



Zn 0 . 7 Cd 0 . 3 Se 



n-type layer of the 
opposite conduction type 
47 



p-type cladding layer 48 



p-type contact layer 49 



Si0 2 layer 50 



n-Zn 0 . 15 Se 0 . 85 



p- Zno.9Mgo.iSo.i5Seo.85 



p-ZnSe 



Si0 2 



Thickness 



1 Mm 



1 Mm 



30nm 



Each 5nm 



Each 5nm 



3 0nm 



1 Mm 



0 .5Mm 



0 . 5Mr 



As shown in Fig. 34, in this example, a p-type layer 
5 of the opposite conduction type 45 having a bandgap which is 
narrower than that of the n-type cladding layer 44 and is 
wider than those of the tensile strain barrier layer 46a and 
the compressive strain well layer 46b is formed, and an n-type 
layer of the opposite conduction type 47 having a bandgap 
10 which is narrower than that of the p-type cladding layer 48 
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and is wider than those of the tensile strain barrier layer 
46a and the compressive strain well layer 46b is formed. 
Furthermore, a lot of CI, for example, is doped as n-type 
impurities into a portion, in contact with an interface of 
5 the compressive strain well layer 46b on the side of a [111] 
direction, that is, on the side of the p-cladding 48, of the 
tensile strain barrier layer 46a, and a lot of nitrogen, for 
example, is doped as p-type impurities into a portion, in 
contact with an interface of the compressive strain well 

10 layer 46b on the side of a [111] direction, that is, on the 
side of the n-type cladding layer 44, of the tensile strain 
barrier layer 46a. Accordingly, the tensile strain barrier 
layer 46a has a delta-doping structure. In the present 
embodiment, description is made of a case where the 

15 respective doping concentrations of the n-type impurities 
and the p-type impurities are approximately equal to each 
other . 

In the present embodiment, the well layer 46b and the 
barrier layer 46a respectively have a compressive strain and 

20 a tensile strain in an in-plane direction of a quantum well 
in the MQW light emitting layer 46. Accordingly, a potential 
gradient reverse to that in the well layer 4 6b occurs in the 
barrier layer 4 6a. Therefore, in the energy band in the MQW 
light emitting layer 46, the energy band in the barrier layer 

25 46a is higher on the side of the [111] direction than that 
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on the side of the [111] direction, and the energy band in 
the well layer 46b is higher on the side of the [111] direction 
than that on the side of the [111] direction. 

In the present embodiment, electrons and holes are 
5 compensated for, as shown in Fig. 35, so that few carriers 
by doping are generated. However, the potential gradient in 
the compressive strain well layer 46b is decreased by the 
ionized p-type impurities and the ionized n-type impurities. 
As a result, the electrons and the holes which are injected 
10 as current are prevented from being separated from each 
other, thereby preventing luminous efficiency from being 
reduced and preventing threshold current from being raised. 

(C) Third Embodiment 

A light emitting device according to a third embodiment 
15 has an MQW light emitting layer having a quantum wire 
structure . 

(14) Fourteenth Example 

Figs. 36 to 40 illustrate a method of fabricating a 
semiconductor laser deice in a fourteenth example, where Fig. 

20 3 6 is a schematic sectional view showing the steps of the 
method. Fig. 37 is an enlarged sectional view of an MQW light 
emitting layer. Fig. 38 (a) and 38 (b) are respectively an 
enlarged sectional view and a schematic plan view of the MQW 
light emitting layer having quantum wires formed therein, 

25 Fig. 39 is an enlarged sectional view of an MQW light emitting 



layer having a quantum wire structure, and Fig. 40 is a 
schematic sectional view showing the steps of the method. 

As shown in Fig. 36, a buffer layer 2, an undoped GaN 
layer 3, an n-type contact layer 4, an n-type crack- 
5 preventing layer 5, an n-type cladding layer 6, an n-type 
cladding layer 7, and an MQW light emitting layer 8 are grown 
on a (0001) surface of a sapphire substrate 1 by MOVPE , as 
in the steps shown in Fig. 19. 

As shown in Fig. 37, the MQW light emitting layer 8 is 

10 constructed by alternately stacking a plurality of barrier 
layers 8a and a plurality of quantum well layers 8b. A method 
of doping impurities into the MQW light emitting layer 8 is 
the same as those in the second to eighth examples. 

As shown in Fig. 38, a part of the MQW light emitting 

15 layer 8 is etched in a line shape until it reaches the n- 
type cladding layer 7 by a focusing ion beam (FIB) or the like, 
to process the MQW light emitting layer 8 in a line shape. 
The width of the remaining part of the MQW light emitting 
layer 8 is approximately 5 nm, for example, and the width of 

20 the part etched by the FIB is approximately 20 nm, for 
example . 

Thereafter, an undoped GaN layer 8c is buried in the 
etched part of the MQW light emitting layer 8, as shown in 
Fig. 39. Consequently, an MQW light emitting layer 80 having 
25 a quantum wire structure is formed. 
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Furthermore, as shown in Fig. 40, an n-type layer of 
the opposite conduction type 9, a p-type cladding layer 10, 
and a p-type cap layer 11 are grown in this order by MOVPE, 
as in the steps shown in Fig. 19, on the MQW light emitting 
5 layer 80. The subsequent steps are the same as the steps shown 
in Figs. 20 to 23. 

In the semiconductor laser device in this example, a 
potential gradient is generated in a crystal growth direction 
on the substrate in the MQW light emitting layer 80 having 

10 a quantum wire structure. Therefore, an n-type layer of the 
opposite conduction type 9 is formed between the MQW light 
emitting layer 80 and the p-type cladding layer 10, and 
impurities are nonuniformly doped in the crystal growth 
direction on the substrate, as in the second to eighth 

15 examples. Consequently, a potential gradient generated in 
the MQW light emitting layer 80 having a quantum wire 
structure is decreased. As a result, electrons and holes 
which are injected as current are prevented from being 
separated from each other, thereby preventing luminous 

20 efficiency from being reduced and preventing threshold 
current from being raised. 

In the light emitting layer 80 having a quantum wire 
structure, the direction in which the potential gradient 
generated is not limited to the crystal growth direction on 

25 the substrate. The potential gradient may, in some cases. 
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be generated in an in-plane direction of the substrate by the 
principal-plane direction of the substrate, the direction of 
quantum wires, the shape of the quantum wires, or the line. 
In such a case, doping may be made nonuniform in the in-plane 
5 direction of the substrate by a method such as ion 
implantation. 

Although in the first to fourteenth examples, 
description was made of a case where the present invention 
is applied to the semiconductor laser device, the present 
10 invention is also applicable to other light emitting devices 
such as a light emitting diode. 

In the first to third embodiments, the same effect is 
produced if a method of forming acceptor levels or donor 
levels by lattice defects such as vacancy may be used in 
15 addition to the method of doping impurities as a method of 
forming acceptor levels or donor levels. 

O The principal -plane direction of a light emitting 
layer in which a strain generates a potential gradient. 

A polarization in a direction perpendicular to an 
20 interface of a light emitting layer can be calculated in 
accordance with a document, for example, "PIEZOELECTRICITY 
Vol. 1 (New Revised Edition) " by W.G.CADY Dover Publications , 
Inc. New York 1964. 

In Fig. 41, the Z-axis shall be a direction 
25 perpendicular to an interface. The XYZ coordinate system is 



rotated through an angle a with the Z-axis used as an axis 
of rotation. As coordinate axes after the rotation, the 
X-axis is shifted to an £-axis, and the Y-axis is shifted 
to a y-axis. 

5 ThelyZ coordinate system is rotated through an angle 

j8 with the y axis used as an axis of rotation- As coordinate 
axes after the rotation, the £ -axis is shifted to an x-axis, 
and the Z-axis is shifted to a z-axis. 

In a crystal having a wurtzite structure, the X-axis 

10 is taken as a {2110] axis, the Y-axis is taken as a [0110] 
axis, and the Z-axis is taken as a [0001] axis. Further, in 
a crystal having a zinc-blende structure, the X-axis is taken 
as a [100] axis, the Y-axis is taken as a [010] axis, and the 
Z-axis is taken as a [001] axis. 

15 Let P z be a polarization along the z-axis, let s xx , e 

yy , 8 yz , £ xz and £ xy be strain tensors, and let e 31 , e 33 , e 15 , 
and e 14 be piezoelectric stress coefficients. 

In the normal single layer structure and the normal 
quantum well structure as in the first to thirteenth 

20 examples, the potential gradient is proportional to the 
polarization P z along the z-axis, £ xx = £ yy , £ yz = £ xz = £ 
xy = 0, and the signs of £ xx and £ zz differ from each other. 

In the crystal having a wurtzite structure, the 
polarization P z along the z-axis is expressed by the following 

25 equation: 



P z = 6 xxCosi3 (e 31 cos 2 /3 + e 33 sin 2 |3 - e 15 sin 2 /3) + 5 yy e 31 cos 
j3 + £ 2Z cos 0 (e 31 sin 2 jS + e 33 cos 2 /3 + e 15 sin 2 j6 ) + £ xz sin /3 
(2e 31 cos 2 i3 - 2e 33 cos 2 /3 + e 15 sin 2 i3) — (1) 

The polarization P z along the z-axis is unrelated to (X . 
5 When the angle j3 is 90" , for example, in the crystal having 
a wurtzite structure from the foregoing equation (1), the 
polarization P z along the z-axis is zero. That is, when the 
z-axis shown in Fig. 36 is on an XY plane, a strain in a 
direction perpendicular to an interface generates no 

10 potential gradient. Consequently, no potential gradient 
occurs in the direction perpendicular to the interface in a 
principal-plane direction expressed by a general formula 
(HKLO) (H, K, and L are arbitrary numbers satisfying H + K 
+ L = 0 and excluding H = K = L = 0) , while a potential gradient 

15 is generated in the direction perpendicular to the interface 
in the other plane directions. 

However, there is a specific principal -plane direction 
in which the piezoelectric effect does not accidentally exist 
by piezoelectric stress coefficients depending on the 

20 material. For example, e 31 = - 0.262C/m 2 , e 33 = 0 . 3 8 5C/m 2 , e 15 
= - 0.183C/m 2 are reported in CdS having a wurtzite structure, 
while e 31 = - 0.160C/m 2 , e 33 = 0 . 3 4 7C/m 2 , and e 15 = - 0.138C/m 2 
are reported in CdSe having a wurtzite structure. 
Consequently, there is a principal-plane direction in which 

25 piezoelectric effect does not exist because the polarization 



P z is zero in the vicinity of j3 = 50° . 

Furthermore, in a crystal having a zinc-blende 
structure, the polarization P z along the z-axis is expressed 
by the following equation: 
5 P z 85 £ xx e 14 sin acos acos j3 (cos 2 jS - sin 2 i3) - £ yy e 14 sina 

cosacos/3 + 3 £ Z2 e 14 sin a cos a sin 2 13 cos j3 + 2 £ yz e 14 ( cos 2 a - sin 2 
a )sin j3 cos jS + 2 £ xz e 14 sin a cos a sin j3 ( 2cos 2 3 - sin 2 /3) + 2£ 
xy e 14 (cos 2 a - sin 2 a) - (cos 2 (3 - sin 2 £ ) 

- (2) 

10 In a case where the angle a is 0° or 90° or a case where 

the angle j3 is 0° or 90° , for example, in the crystal having 
a zinc-blende structure from the foregoing equation (2), the 
polarization P z along the z-axis is zero. Consequently, no 
potential gradient is generated in the direction 

15 perpendicular to the interface in a principal -plane 
direction expressed by a general formula (OMN) (M and N are 
arbitrary numbers excluding M = N = 0) and a principal-plane 
direction equivalent thereto, while a potential gradient is 
generated in the direction perpendicular to the interface in 

20 the other principal-plane directions. 

The piezoelectric stress coefficients are described in 
LANDOLT-BORNSTEIN Numeral Data and Functional Relationships 
in Science and Technology New Series Group III; Crystal and 
Solid State Physics Vol. 17, Edited by O. Madelung, 

25 springer-Verlag Berlin-Heidelberg 1982. 
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Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the 
5 present invention being limited only by the terms of the 
appended claims . 



